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A WORD OF EXPLANATION 

Credit for The Electrical Solicitors* Handbook belongs to 
the spirit of co-operation carefully fostered by the National 
Electric Light Association and now prevailing so extensively 
in the electrical industry. The Handbook's more immedi- 
ate inception occurred in the program formulated by the 
Co-operative Electrical Development Association under 
the guidance of Mr. J. Robert Crouse. It is the com- 
posite work of twenty contributors. 

Prizes for the best papers on the subject of electrical 
solicitation, aggregating $2600 in cash, were contributed 
by the Co-operative Electric Development Association, 
and were awarded by a special committee of the National 
Electric Light Association^ consisting of Mr. John F. Gil- 
christ, Chairman^ Mr. Percy Ingalls and Mr. George 
Williams, at the Chicago Convention of 1908. Nine 
awards were made, three going to Mr. R. Borlaise Mat- 
thews, jointly with Mr. C. T. Wilkinson, and two to Mr. 
James L. W^iltse. The names of those receiving awards 
are as follows : 

Mr R Borlaise Matthews London England 

jointly with 
Mr C T Wilkinson Schenectady New York 

General Electric Company 

Mr James L Wiltse Brooklyn New York 

Edison Electric Illuminating^ Company 

Mr H W Hillman Grand Rapids Michigan 

Muskegon Power Company 

Mr La Rue Vredenburgh Boston Massachusetts 

Edison Electric Illuminating Company 

Mr Paul H Bate Chicago Illinois 

Commonwealth- Edison Company 

Mr C A Graves Brooklyn New York 

Edison Electric Illuminating Company 

In making the awards, the Committee stated that, while 
nine manuscripts had received prizes, much of value was 
to be found in the remaining contributions. The names 
of the contributors entitled to honorable mention are : 

Mr F P Catchings Atlanta GeoigUt 

North Georgia Electric Company 
Mr Harry P Chandler ^e^^xV.'^^:^ "^^ 

United Electric Company of New ^ tney 



SECTION 1 

[E ELEMENTS OF CENTRAL STATION 
BUSINESS GETTING 

INTRODUGTION 

't is not the intention in these hints to solicitors to 
it any length on those qualifications which are essential 
make-up of the successful solicitor in all lines, such as 
ng good humor, aflFability, a pleasing address, ability 
pt oneself to circumstances, industry and perseverance 
Q intuitive consciousness of the point where persever- 
eases to be a virtue and becomes a nuisance. It is 
ed that these general good qualities are already pos- 
by a solicitor, but in passing it may not be amiss to 
te that the successful salesman is the one who can 
plish two things. First, convince a consumer that 
its the commodity for sale, and second, prove to him 
e can afford to buy it. When either of these is an ex- 
:act, the salesman has half his work done for him. In 
eat majority of cases the salesman of electric energy 

deal with people who want his goods; consequently 
lives upon him to prove that they can afford to buy. 
7here are certain prominent subjects with which the 
)r should be familiar, and which he should constantly 
1 mind. A few suggestions and hints as to which are 
>st important points will be given in the following para- 
I. It must be remembered that arguments which 

in one neighborhood or under certain circumstances 
lot do so in another. The solicitor must use his 
ler wit," and compile and adapt further arguments 
is experience. The art of soliciting cannot be taught 

and entirely by any book, however fully it may enter 
etails. In this, as in many othei cas^, ex^^i\eaK& 



Sec. I, 3-6 BUSINESS GETTING 

HOW TO MEET OPPOSITION AND COMPETITION 

3. The reason which above all others retards a rapid ad- 
vance in the use of electrical energy is found to be the wide- 
spread ignorance that prevails concerning its advantages. 
Therefore, it is of primary importance to educate the public 
in this direction, and so overcome the prejudices and mis- 
taken ideas to which such ignorance gives rise. 

4. As regards the part which the solicitor must play in the 
removal of this general ignorance — it is, of course, necessary 
that he should himself be honestly and thoroughly convinced 
of the real economy and numerous advantages which may be 
secured through the use of electricity; otherwise his words 
will carry very little weight with prospective customers. 
There will be little difficulty in this direction, for, with the 
solicitor as with the general public, "to know is to ap- 
preciate,** where electricity is concerned. A careful investi- 
gation of the claims of electricity will soon prove to the 
investigator that such claims are not unfounded. Electricity 
speaks for itself. The great object is to bring the public into 
experimental contact with it. Let people see what their 
neighbors are doing by its means, and they will try it for them- 
selves, for with the majority the old saying, that " seeing is 
believing," still holds good. 

5. The solicitor for electricity has an easier task in some 
ways than men who are employed in selling books or insur- 
ance or stocks, for the latter have to urge an investment in 
that which is not altogether desired. Electricity, however, 
interests every one, and is to a certain extent desired by every 
one, except for the general exaggerated idea of its cost and the 
notion that its superiority in quality is not such as to counter- 
balance this extra expense. These ideas can be easily proved 
by the solicitor to be merely due to a lack of appreciation, 
both of its many specific advantages, and also of the modern 
methods for applying it economically. That people should 
continue to hesitate to make use of electricity when they have 
been clearly shown its many advantages would be indeed 
surprising. 

6. The arguments brought against electricity can easily 
he refuted. It will sometimes be found, however, that the 

man whom the solicitor is trying to conviiiee \s met?\^ m^vcv'^ 
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BUSINESS GETTING Sec. i, 7-9 

such arguments an excuse to hide the real hindrance, namely : 
the lack of money to meet the cost of the installation of the 
wiring; when this is perceived to be the case, the solicitor 
should suggest any plan of rental which his company has 
arranged. If this fails to bring results, the only way is for the 
solicitor to try to persuade the landlord to install the wiring. 
Or perhaps the tenant's objections may be due to the fact 
that he does not intend to remain much longer in that house. 
Natvirally he does not wish the landlord to hear of his in- 
tentions in any roundabout way, and therefore he does not 
tell the solicitor his real reason for not wishing to adopt 
electricity. This, again, is a case when the only hope of 
getting the house wired lies in persuading the landlord to 
have it done. 

7. One of the great difficulties with which solicitors have 
to contend, especially in power work, is that a prospective 
consumer, with that little knowledge which is so dangerous, 
will inquire how many watts a piece of apparatus or lamp 
will take; he will then multiply this number of watts by the 
total number of working or lighting hours, as the case may be, 
in the year, thus obtaining the total watt-hours; he will then 
divide by a thousand, in accordance with the instructions 
given him, and so obtain the total kilowatt-hours, which result 
in turn he will multiply by the price per kilowatt-hour, 
and obtain a figure which, to say the least, is startling, and 
in his opinion out of all reason. This must at all costs be 
avoided by pointing out that the apparatus only takes the 
number of watts given at full load, and that full load is only 
taken on very few occasions during the working year, the 
average load probably working out at something less than 
thirty per cent of the maximum as calculated. A statement 
of this nature must, of course, be upheld by the evidence 
of other consumers' bills. 

8. The chief competition that the solicitor will have to 
meet is that provided by the gas company. The other 
Uluminants and means of obtaining heat and power, such as 
oil, acetylene, or that latest arrival, gasoUne air gas, are not 
very serious competitors, since, as a general rule, there is no 
one whose business it is to advocate their use in season and out 
of season. 

9. The aoUcitor'a standing as regatds ll:i<b ^^ ^.qxss^^sc^ 
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Sec. I, 10-14 BUSINESS GETTING 

should be a dignified one; it does not pay to run gas dowr 
especially to a customer who refers to it. The very fact tha 
gas is mentioned shows that it has received consideration, an< 
has been considered equally, or almost equally, with electric 
ity. If the gas company's product is belittled or sneered a 
by the electrical solicitor, it does not add anything to th 
prestige of electricity, but rather serves to indicate that gas i 
feared by the electric company, and the impartial man i 
therefore inclined towards the belief that gas is practicall; 
as good as electricity. If it is necessary, the prospectiv 
customer may easily be led to deduce the drawbacks of ga 
for himself, through the solicitor's simply mentioning the fact 
that electricity does not spoil ceilings and decorations, doe 
not consume oxygen, does not necessitate the use of matches 
and does not endanger life by explosions and asphyxiations 

10. Gas advocates are rather given to the habit of com 
paring the latest type of gas lamp — the Welsbach burner - 
with the oldest type of electric lamp — the glow lamp 
about as sensible and fair a comparison as that of putting th 
newest and most efficient forms of electric lamps alongside th 
old flat-flame gas burner. 

11. In figures published by various gas companies th 
cost of lighting by electricity has been made out to be any 
thing from two to twelve times that of gas. 

12. Since there is this great range of opinion, or rathe 
doubt, as to whether electricity is two, twelve, or some inter 
mediate number of times as costly as gas, an impartial ob 
server will appreciate the fact that there must be a discrep 
ancy somewhere, and that in all probability the greater thi 
relative cost of electric as compared with gas lighting, th( 
greater the fertility of imagination on the part of the autho 
of the statement. 

13. Where actual figures are not propounded it is oftei 
airily stated that " it is a matter of common knowledge tha 
gas is cheaper than electric light." It might be more accu 
rately styled a " matter of common ignorance." It is one o 
those convictions which the evidence of annual accounts wil 
alone dispel. 

14. Still, in spite of these numerous drawbacks, to abso 
lutelj deny that gas possesses any advantages would b( 

senseless. Until electricity appeared on lYie scena, ^ias» i!^^< 
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BUSINESS GETTING Sec. i, 15-20 

a useful place. But to continue using it when something 
better is to be obtained is even more senseless. Electricity is 
as far ahead of gas as gas is ahead of oil, candles, or coal for 
obtainance of light, heat, and power. Then why not use 
electricity ? The reason is not far to seek. 

16. It is chiefly on account of the slow movement of 
public opinion; electricity is a newer thing than gas and is 
therefore, like all new things, regarded with more or less 
suspicion. The majority of people have a great dread that 
they may be " fl)dng to ills they know not of," when anything 
new is advocated. The arguments which are now being 
used against electricity were a few years ago used against gas. 
Now the public has become, to a certain extent, hardened 
to the dangers of gas. Accounts of gas explosions and gas 
asphyxiations are read with horror, but no one ever imagines 
that such an accident might as readily happen to himself. 

16. "Use is second nature," and yet gas people will say 
that gas is safe, and that " gas will not bum unless a light is 
applied, and therefore there can be no fire without an exter- 
nally applied light." Agreed. Gas resembles gun cotton 
in this respect. It is astonishing, however, how often that 
external light gets there. 

17. If ever anything better than electricity is discovered, 
it is fairly safe to prophesy that the same old arguments 
which have done duty so long will appear once more, but in 
favor of electricity as against the new discovery. 

18. There are many warm supporters of the gas engine, 
but it is but a poor sort of thing now that electric motors are in 
the field. It requires several times the attention, wears out 
its parts at a lamentable rate, needs continual overhauling, 
and emits disagreeable odors. It gayly snorts and clanks away 
from morning till night, using an amount of gas out of all 
proportion to the useful work when running at anything but 
full load, and should it by chance be somewhat overloaded, 
promptly strikes work with the airy independence of the me- 
chanic who is employed to nurse it. 

19. What a picture to compare with the neat little motor 
working silently away and reminding its owner of its pres- 
ence only when he marvels at the extreme reasonableness of 
the bill presented by the central station. 

20. The electrical solicitor must beat \ix xmndi \}ci^\^c\.'^'^ 



Sec. I, 21-22 BUSINESS GETTING 

the gfts interest can by no means be classed as " asleep." 
On the contrary, it is wide-awake and on the watch, as is 
testified by the eager way in which it grasps at any good ideas 
originated by electricians and promptly adapts them for its 
own use. " Imitation is the sincerest form of flattery," and 
the electrical industry has plenty of this kind of flattery to 
fight against. Witness the inverted gas burners, designed 
to give a downward Ught, the artistic fittings for these burners, 
modeled along the lines of electric fittings, their thin neat 
tubes deceiving many people into the belief that they actually 
are electric light fittings, also push button control systems for 
lighting the gas, operated pneumatically or electrically, by 
touching a button placed in the same position near the door 
as that in which an electric switch would be found. There 
are also luminous gas stoves designed to look like luminous 
electric radiators. All these dodges show that gas agents 
realize the superiority of electricity and the importance to 
them of keeping up with their rival in appearances if they 
cannot in the solid advantages which electricity has to offer. 

21. Of course, gas will never be entirely removed from the 
field it has held so long; it is against natural laws that it 
should be, for no one thing can ever be a panacea for all ills, 
but the obvious advantages of electricity cannot but largely 
remove any handicap in its competition with an established 
system. 

22. The electrical solicitor must be thoroughly familiar 
with modern means and methods of illumination, he must 
have the facts on the tip of his tongue at all times. One of 
the great arguments in favor of electricity is its extreme 
adaptability to the varied demands of usual and unusual 
circumstances. In show window lighting and signs, elec- 
tricity stands alone, no other illuminant being able to com- 
pete with it. It is a case where price can be left entirely out 
of consideration. Storekeepers must have electric light for 
these purposes at almost any cost. The way to make this 
stronghold still stronger is to take the utmost advantage 
of the possibilities of electric lighting for show windows by 
utilizing methods of concealed lighting. Gas lighting, re- 
garded merely as light, leaving other considerations out of 
the question, can always compete, fairly well, with electric 

lighting, as long as a row of naked lamps stann^ tW ^^s^^x-Xyj 
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BUSINESS GETTING Sec. i, 23-26 

in the eye is considered good enough for show window il- 
lumination. 

23. Some notes on the subject of lighting are given in 
Section 3. They should be carefully studied, and also any 
text-books dealing with electric lighting from the illumination 
point of view. The effect of various methods of lighting in 
various stores should be noted for future reference and 
guidance. Also figures should be collected as to the cost of 
the wiring of show windows, and the prices of special fittings. 

24. A very important thing to bear in mind is that the 
public is buying Ught, and has no feeUng for energy, and if 
the public gets what it wants at a reasonable price, it won't 
quarrel over the price per kilowatt-hour, hence the impor- 
tance of advising customers as to the most efficient way of 
using the electric energy they buy. The efficiency and life 
of particular lamps have, of course, an important bearing on 
the whole matter. It is a mistaken notion to think that be- 
cause a man is using very efficient lamps the central station 
will lose money ; it will temporarily, but in the end it will 
gain, for if a man finds his bills low at the start, he becomes 
satisfied with electricity, and later on when the solicitor 
comes along with a suggestion for an improvement of the 
lighting arrangement, he is wilHng to consider it, and will do 
so on a fair basis, realizing that for more light the bill will of 
course be a little higher. A man who is brought to adopt 
electric light in this fashion becomes a satisfied consumer 
and a perpetual recommendation; and at the same time the 
central station is well recompensed for the trouble taken. 

26. The solicitor needs also to be up to date in his knowl- 
edge of modern methods for using electric motors. For 
outlines of these, refer to Section 5. 

26. In the application of electric motors to do work for- 
merly carried out by some other means, the motor should 
not merely be put in its place, but on the other hand, the 
whole proposition, carefully considered so as to ascertain 
what can be eliminated in the way of friction losses, floor 
space occupied, light obstructed, and how full advantage 
can be taken of the flexibility of the motor drive, in order to 
insure that the machinery to be driven, will be arranged in 
such a manner as to facilitate the work done. A.tly ^cowqtkc^ 
effected and advantage gained in tVns d\iee>L\o\i ^^r^ \^^ 
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Sec. I, 27-30 BUSINESS GETTING 

credited to the motor drive, so again it is to the advantage 
of the central station to render what assistance is possible 
in this direction when a motor is installed anywhere. 

HOW TO APPROACH THE PROSPECTIVE CUSTOMER 

27. The solicitor should try to get upon a friendly basis 
with all prospective customers by taking an interest in what 
interests them; even subjects so apparently remote 
from electricity as baseball or golf, stocks or shares, may 
be very useful as a means to gain the desired end. For tbe 
man with a hobby appreciates an attentive listener. By 
the way, if anything is brought up in the course of conversa- 
tions either on these or on technical topics, which the solici- 
tor does not understand, it is wiser for him to ask a question 
than to pretend to have an intimate knowledge of the sub- 
ject, for his ignorance will soon be discovered, and it is then 
more than likely that his electrical knowledge will be put 
on the same par, his statements discounted, and his figures 
doubted. 

28. When a solicitor is talking to a non-technical man, 
he should avoid all technical terms such as " amperes " and 
" volts." The ordinary man neither knows nor cares much 
what an ampere or a volt is. What vitally affects him is the 
bill he will probably have to pay for the amount of light or 
power he requires. Therefore it is excellent policy, when 
the question of cost comes up, to ignore the price per kilowatt- 
hour, giving in place of that an estimate of the monthly, 
quarterly, or yearly bills, backing up the estimate by the 
actual bills of people whose conditions of use are similar to 
those of the prospective consumer. 

29. The only time a solicitor should be technical is when 
he is talking to technical men. He should then lay himself 
out to see what they are driving at and take an intelligent 
interest in their views. If those views seem somewhat un-- 
sound, there is no need for the solicitor to go out of his way 
to point it out. No man likes even implied contradiction; 
and besides there is a chance that he is right after all. 

30. Some one has said that ^' human nature is a cur'ous 
critter." The more a solicitor knows of this " cur'ous crit- 

ter '^ and i*^ He iiiore successiuY Vve \5 YVk^Vj \o \i^. 
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BUSINESS GETTING Sec. i, 31-33 

He will meet with many phases of it, and must learn to act 
accordingly, to distinguish between the various classes of 
people; some he will find are of conservative tendencies, 
prejudiced against all that is new; others are procrasti- 
nators, admitting the solicitor's arguments, but dela)dng a 
decision; others again belong to the class of people who 
live up to the limit of their incomes, and do not pay their 
bills except under pressure. Such cases as the last are 
hardly worth the time wasted in interviewing them. The 
solicitor needs to use his discretion. The feelings and cus- 
toms of the householders must be studied. It is usually 
better to arrange to see the lady of the house first, and it is 
well to send a notice the day before so that ishe and her house 
may be prepared to receive the solicitor. When the lady 
is convinced, then is the time to make an appointment to 
meet the master of the house, for he will now be prepared 
to listen more readily to the solicitor. 

31. In interviewing the lady of the house it is a good plan 
to mention what her neighbors are doing, and so play upon 
her social pride, insinuating, in a delicate way, that if they 
can afford it, she can. Explain how Mrs. So-and-So has now 
a lovely electric kettle for her afternoon teas, and Mrs. S. O. 
Else has a hot plate which she uses at all meal times, and 
declares she "could not live without"; that Mrs. A. N. 
Other is delighted at the scope it gives her artistic tempera- 
ment to be able so easily and safely to add to the decoration 
of her rooms by means of her electric light fittings. 

32. Before making a canvass in any street the solicitor 
should make a careful note of the information concerning 
existing consumers in that street, as it appears on the main 
card file. First, so that an existing consumer may not be 
asked if he would care to put electricity into his house, and 
second, so that the solicitor may be fully informed when he 
calls upon an existing consumer as to what his installation 
consists of, and what he needs, and thus please him by the 
interest taken in him and the attention given him. 

33. There is a matter that should at least be referred to, 
and that is the question as to the advisability of taking a 
prospective customer to a convenient hotel bar or club to 
disciiss business Affairs. A solicitoT lieed not \>^ ^ Xfc^v^- 
t^er, — that has nothing really to do mlVv Vt, — \iw\. >& 
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Sec. I, 34-40 BUSINESS GETTING 

cannot obtain an order from a man without first getting him 
into an hotel and buying him drinks, either that man is not' 
worth getting or the solicitor is lacking in some of those 
qualities which it is essential he should possess. Again, an 
invitation of this kind will often o£Fend people who do not 
resort to such ways of doing business, and it will not do the 
solicitor any good with the man who asks him to drink. It 
is much easier to get a reputation as a frequenter of hotel 
bars than as a successful business man. 

34. After all, business is business and pleasure is pleasure. 
One or two drinks will not carry much weight in the placing 
of an order. 

35. The solicitor must be provided with a certain amount 
of ammunition before he makes his call; he may or may not 
be a technical man, but he must be thoroughly coached and 
posted in those matters with which he has to deal, for it is 
fatal if the prospective customers realize that they are talking 
to some one who does not know much more about the elec- 
trical business than they do. 

36. Among the information the solicitor should have at 
his disposal is data showing the average bills of customers, 
their kilowatt-hour consumption per equivalent i6-c. p. 
lamp connected, the cost of lighting various size lamps per 
hour, and the cost per hour of operating various heating and 
cooking devices. 

37. The general policy that should be adopted in can- 
vassing is to see that the customer gets what will be most 
economical and serviceable, as this is the policy that pajrs 
best in the end, for though the load at first is not as great as* 
it might be, it means the obtaining of a satisfied customer, 
who is a valuable asset. 

38. Eventually, as soon as the consumer finds that his 
bills are reasonable, he will use electricity for other purposes, 
which is what the central station manager desires. 

39. The way should be prepared as far as possible by 
suitable advertising matter, and the day before a call is made 
a postal card should be sent making mention of the fact, 
thus paving the way for a favorable reception. 

40. The most likely places should first of all be attacked 
— the stores in the main streets and the factories, then the 

smaller stores and larger residences s\\o\i\d teeeVve ^XX^x^Xxotv, 
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BUSINESS GETTING Sec. i, 41-44 

nd so on until the whole city is canvassed. The solicitor, 
fter making a call, should not omit " to leave his card." 
i'he card suggested as advisable would be a postal card 
ddressed to the central station, and having on the back a 
trinted request for a representative to call, spaces being 
gf t for filling in the time and the day which would be most 
onvenient to the sender. This card, if placed by the so- 
icitor on the telephone, or other convenient and prominent 
»lace, will at least serve as an advertisement and reminder of 
he existence of his department, even if it is never actually 
>osted. 

41. It is a noteworthy fact that a reduction of rates will 
lot increase business as much as systematic canvassing does. 
?he moral is obvious. 

42. Residence Soliciting. — The reason that many peo- 
)le do not wire their houses is chiefly on account of the fear 
hey have that the cost of so doing will be out of proportion 
o the advantages derived; hence the importance of dis- 
)elling any illusions they may have on this point as soon as 
)ossible. The majority often do not even ask what the rate 
s; what they generally want, however, is an estimate of 
heir probable monthly bill. They do not understand the 
ates as a rule, and knowing that the prices are the same to 
ivery one, are satisfied if their neighbors use it the charge 
nust be all right, so that to them it is all a question of in- 
itallation cost. 

43. If the solicitor has with him illustrations of some of 
he principal components employed in house wiring, it will 
dd much in his explanations of such things as the difference 
)etween side brackets, drop lamps, pendants, and electroliers ; 
>etween flush, pendant, and ordinary wall switches, and the 
nany other devices which play their part in enhancing the 
:onvenience of an electric service. 

44. In this connection good use could be made of illus- 
xated pamphlets to give general and popular information 
:onceming the methods of wiring houses, the location and 
irrangement of fixtures, switches, etc.; the use of two-way 
md three-way switches for hall and staircase lamps; the 
economy arising from the use of a pilot lamp for cellar 
lamps; the increased cost of concealed ovei svrd^o.^ ^\sv^"* 
be possibilities of the electric motor ioi dfmxi^ \Nx^ ^ 
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machine, the meat chopper, the washing machine, and the 
mangle. Also general details of electric heating and cooking 
devices. Attention should be specially drawn to the fact that 
the wiring of a house does not involve the mess made by 
plumbers or gas fitters, and that it does not mean the pulling 
of the house to pieces or the damage of valuable wall papers. 

45. In residence canvassing it is well to endeavor to be 
allowed to estimate for wiring the house. The specification 
should be prepared in two ways, one with the wiring done 
in the way that best suits the ideas of the householder, and 
the other in such a manner that the figure is reduced as much 
as possible, by omitting all lamps but those which are abso- 
lutely necessary, confining the lighting to the living rather 
than the sleeping rooms, and thus give an idea of the mini- 
mum price an installation could be put in for; the lower 
figure also shows up the difference between necessity and 
convenience, and presents in a somewhat better way, what 
at first may appear to the average householder to be a very 
high figure, — the householder being usually unacquainted 
with the cost of installation work, whether for electricity or 
gas. Chandeliers and other fixtures should always be fig- 
ured as extras, as taste varies so much in the selection of 
these fittings, and their price, added to the cost of wiring, 
makes the latter appear excessive. It must be remembered 
that existing gas chandeliers can often be wired at a small 
charge. 

46. A standard form should be prepared for use in getting 
the wiring data together, to insure that nothing is omitted, 
and also to see that if the work is bid upon by more than one 
contractor, they base their estimate on the same specification. 

47. As a rule, it will be found best that the solicitor should 
not make an estimate at the time of calling, though it is well 
that he should be able at times to give an approximate 
figure, making it quite clear to the prospective customer 
that this is so, and at the same time mentioning that an ac- 
curate figure will be presented in the course of a few days. 

48. Having exhausted all arguments without succeeding 
in getting a tenant to wire, an attempt should be made to get 
him started with a partial electric service, — something that 
will be universally appreciated, such as a porch lamp, which 

might be taken on a flat rate, for Ughting up lo, s^.^, ^V^n^tl 
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o'clock in the evening. Fiat rates as a rule, however, 
should be avoided, as they are extremely unsatisfactory both 
to the central station and the consumer, and lead to much 
bad feeling; in the case mentioned it is not so objection- 
able, as it is more of an advertisement. 

49. The result of the installation of a porch lamp is that 
soon a lamp will be asked for in the hall; then is the oppor- 
tunity for putting in a meter. The thin end of the wedge 
having been introduced, it will not be long before the oc- 
cupant wants the rest of the house wired for electric light. 

60. Another scheme worthy of consideration for getting 
electricity into a house is to make arrangements to install an 
electric flatiron, a sewing machine motor, or fan. 

51. Store Soliciting. — In canvassing stores the data as to 
the average, the maximum and the minimum consumption per 
equivalent i6-c.p. lamp connected, are very valuable, since 
in the case of any proposed lighting scheme, the monthly or 
quarterly bill can be fairly accurately estimated from these 
dgures for stores doing the same class of business. 

52. The electrically illuminated sign forms an exceed- 
ingly good advertisement for the storekeeper, and at the 
same time is a good source of income to the central station. 
Therefore the solicitor should be supplied with sketches of 
suitable signs, figures as to the cost of the sign, the cost of 
installation, and the cost of operation. 

63. If the central station management has arranged any 
special terms for the renting or purchase of signs, the 
solicitor should make himself well acquainted with the terms, 
and also the types of signs supplied under such terms, so that 
he may be able to put them before possible users in a clear, 
definite manner. 

64. Propositions, however good, will amount to very litde 
if the prospective sign customers are ignorant of them. It 
is one thing for a canvasser to know that he can make certain 
concessions and inducements in favor of electric sign users, 
and another thing for the man who might thereby be in- 
fluenced to put up a sign to realize these facts. The ques- 
tions of advertising and salesmanship should therefore 
figure very prominently in all plans for increasing the num- 
ber of the signs on a distributing system. The average store- 
keepernot only does not realize wYiat ptopos\\io\\s» ^\^ ^^i?^- 
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able to suit his case, but he has not even thought of installir 
such a thing as an electric sign. He has to be educated 1 
the value of the electric sign in commercial life, starte 
thinking about it, and then have the matter brought to hi 
attention again and again. 

66. The use of signs, property encouraged, will not onl 
mean the lighting of the same from dusk to the shop closin 
hour, but will eventually result in their being kept lighte 
until about eleven o'clock, — that is, to the time of nigh 
after which all the people will have gone home when th 
various entertainments are over. This after closing hou 
illumination of signs and show windows is gradually begir 
ning to be appreciated as a valuable feature by storekeeper 
all over the country, since it is realized that, though the store 
are closed, there are many passers-by whose attention will b 
drawn to the store by the sign, and to the articles displayed 
by the lighted window, bringing to their attention man 
wares that might not otherwise have been known aboui 
This form of advertising appeals to the people that the store 
keepers are anxious to reach, people who are occupied b 
day and are unable to visit the stores to select or mak 
purchases, except on the one or two late closing nights c 
the week. 

56. In conjunction with an aggressive electric sign cam 
paign arguments should be advanced and suggestions mad 
to the storekeepers to the effect that in this advertising ag 
the day of the shuttered store has passed. It is difficult, c 
course, to displace long-established customs in favor c 
what apparently appears to be such a radically dangerou 
move as leaving the store windows unprotected at nigh 
after the store has been vacated. As a matter of experience 
however, the danger of burglary is much lessened, especiall 
when the practice is adopted of leaving a single lamp burnin 
all night so that the police and other passers-by can easil 
see inside the store from the street, as in that case it make 
the risk of detection to a burglarious person who has entere^ 
from the rear of the premises so much greater. The pn 
mium required, in any case, by insurance companies wh 
make a specialty of insuring against burglary is not grea 
and is far outweighed by the value obtained from th 
advertisement Many stores, though not sbuUeied, sti 
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^ draw down their blinds when closed, and thus lose valuable 
advertising opportunities, which fact must be brought home 

^/ to them; and they should be the more easily convinced, 

•^f since they already appreciate that it is not necessary to use 

I shutters. 

•j 67. In the general scheme of the lighting of stores it can- 

I not be too distinctly explained to the owner of the store that 
that portion of the light used in the windows is really light- 
advertising, and that in the consideration of the amount of 
money that is to be expended on electric energy consumed 
there, this fact must be fully taken into account. 

58. The smaller stores are very well worth looking after, 
and though the income from them individually may not be 
very great, they form a very good advertising medium for 

f the central station, and are of importance from their very 
numbers. The small store proprietor is, naturally, more ap- 
preciative — more talkatively appreciative than some of the 
larger business houses. Then again, it is but a step from 
electric light in the store to electric light in the home of the 
proprietor. And so on, from his house to the homes of his 
neighbors and friends, the good work invariably goes on, 
forming a chain of new adherents, which is, or ought to be, 
welcome to the central station. 

69. The small storekeepers are not apt to rush down to 
the central station, begging for information on the question of 
electric light; more probably they have not even considered 
the question of proper illumination, having plenty of troubles 
of their own to occupy them. Therefore, it is especially 
necessary for the central station to lay itself out for canvassing 
them. 

60. The installation of electricity, where it has not been 
used before, serves as an example, an invitation for others to 
follow suit, for it is written in the books that a pleased 
customer does not keep still, but rather talks among his 
neighbors and fellow-tradesmen. 

61. When the small stores, as well as the large ones, begin 
to use electric light, people generally appreciate that elec- 
tricity is not a thing set apart for the well-to-do only. 

62. Almost every line of human endeavor is suggested by 
example. Every evolution grows into an accepted institu- 
tion by somebody im'tiating it, and otYiets io'^omx^.^. "^^^ 
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matter how many stores are using electric lighting, if that 
electric lighting does not demonstrate that it is superior to oil 
or gas, it cannot, and will not, stimulate other stores to in- 
stall electricity. 

63. Of course, almost any form of electric equipment is 
better than oil lamps or gas, but is it not better to induce every 
store in a city to discard its old-fashioned system and put in 
a modem electric installation? 

64. The better the example in the stores that are now 
electrically lighted, the more convincingly will electricity 
appeal to the stores that have not got it. Hence the argu- 
ment that the central station should assist in the lay-out of 
the illumination scheme for these stores is a very strong one. 

66. Industrial Soliciting. — This form of canvassing is 
much more diflSicult than the canvassing of residences and 
stores. It requires, if it is to be handled successfully, the 
services of a trained technical man. In the power business 
is to be found the most paying load of the station, for though 
the rates obtainable are not high, the demand is spread over 
a large part of the day. There is not so much difl&culty in 
obtaining power customers where the motor capacity re- 
quired does not exceed 15 hp. 

66. Up to 5 hp. electricity has got the field pretty well to 
itself, being so convenient and the only practicable means. 
Even at a comparatively high rate per kilowatt-hour the total 
bills work out at a very reasonable amount. 

67 . The small energy user often does not use electric energy 
simply because he does not realize that it can be applied in 
his particular case, so that it is necessary to bring examples of 
motor applications to his notice, and make suggestions as to 
how he could also take advantage of the same energy. He 
is also interested in the cost of such energy, and in what his 
neighbors are doing and pa)dng. Data should be collected 
of various machines that are specially built for direct driving 
by motors, for such apparatus is usually more satisfactory 
than that which is driven by belt. For instance, many 
grocers, rather than operate their old hand coffee mill by a 
separate motor belted to it, would invest in a modem direct 
connected mill, if they only knew of the existence of a neat, 
efficient, and compact machine. 

ffS. By the exercise of a little ingenuity, and lakm^ ^n«:^ 
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opportunity of observing the methods the various tradesmen 
have of carrying on business, a large number of possible 
applications for electric motors can be discovered. A small 
motor does not consume much, but collectively a large number 
of them provide a very satisfactory load, which at the rates 
paid is not by any means to be despised. While looking out 
for this small motor business, electric heating should not be 
overlooked. The electric flatiron has a field of its own in dry- 
goods stores and tailoring establishments. No case should 
fail of investigation, for conditions cannot be fully under- 
stood until after careful investigation, which often develops 
surprises. Even lumber yards burning refuse wood for fuel 
purposes at times find it advantageous and profitable to use 
central station service. In some localities a satisfactory 
market can be found for refuse wood, thus actually opening 
up the way for complete central station service. In other 
instances lumber yards find it good business to take central 
station service for extra work, or for work beyond the 
capacity of their installed engines. 

69. Wherever the load factor is high, the average load for 
24 hours a day standing high in relation to the maximum 
demand, opportunity is afforded for allowing the lowest rates 
of charge for energy, and many such cases therefore come 
within the reach of central station service. Wherever the 
friction load is heavy, but can be materially reduced by 
cutting out shafting and belts, through the substitution of a 
number of motors, the way is opened for central station 
service. 

70. Wherever the use of energyis occasional or at irregular 
intervals, as in the case of building elevators, large metal 
shears, cold metal saws, cranes, etc., it is plainly much 
cheaper to operate motors on central station service than to 
run a steam or other engine, including the cost of necessary 
attendance on the latter. 

71. The best method of dealing with the power situation 
is to investigate the conditions in each factory by turn, 
making tests where possible. The owners are usually quite 
willing to grant permission for this. Some factory is certain 
to be reaching the point of overload of its own power plant, 
or possibly a breakdown occurs; this affords the o^^oxlxim^.^ 
for the central station, A motor is instaW^d oi^ Vrv?\ — ^^ 
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inevitable result follows, another motor goes in, until at last, 
after much expenditure of time, trouble, and attention on the 
part of the central station management, the whole plant is 
motor-driven, and then affords an example for other factories. 

72. The installation of a motor, say, on a GO-day trial, is 
almost invariably a safe risk to undertake. Under these 
conditions the best method of installation must be insisted 
upon and every effort made to insure the most economical 
results, by taking full advantage of the flexibility of a motor 
drive and the possibility of cutting out all unnecessary line 
shafting — for the greater the economy effected, the sooner 
is the user convinced of the good value of central station 
service. 

73. Here, again, data as to the Energy consumption of 
other customers are of great importance. These should 
be tabulated under headings similar to the following: (i) 
kilowatt-hours per month; (2) connected load in horse- 
power; (3) individual or group drive; (4) number of 
motors ; (5) percentage of average load to connected motor 
load. 

74. Prospective customers always wish to know what 
it is going to cost them per month or per annum to run 
a particular motor, and usually multiply the full-rated horse- 
power of the motor by the number of working hours and Iqr 
the rate charged for energy, which naturally gives an excessive 
figure. Now tables, prepared in accordance with the sugges- 
tion made above, will indicate that the average load on a 
motor rarely exceeds four tenths of the rated load, and more 
usually is in the neighborhood of one third of that load. 

76. Very often steam and other heating sj^tems play a 
very important part in the operation of a factory, so at the 
time a motor installation is made it is well to look into this 
part of the factory economy also, to see that all leaky pipes 
are calked up and proper steam traps used on all drains. 
Suggestions should be made for the improvement of heating 
apparatus if possible. Even such a simple idea as to install 
double windows during the winter months makes quite a 
difference to the coal pile. Thus, indirectly, the introduction 
of the motor drive is associated with a general reduction of 
manufacturing costs, for which the motor drive takes the 
credit 
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76. Circulars and pamphlets bearing on the use of electri- 
cal power in factories keep the manufacturers* interest alive. 
Illustrations of various applications of motors, though not 
dealing with the particular business the manufacturer may be 
interested in, will cause him to think of some machine in his 
own business to which a motor could be applied in a similar 
way. As the number of booklets required is small, the cost 
of producing special advertising pubUcations for power users 
is proportionately greater than in the larger field of residence 
and shop lighting, so advantage should be taken of the 
pamphlets and leaflets issued by the manufacturers of motors, 
who are usually glad to forward copies for distribution. The 
special folders and booklets prepared by the various advertis- 
ing specialists are also very useful. 

77. The testimony of a well-pleased customer is often of 
great service in bringing to the point of decision a man who 
is still hesitating as to whether he shall use electric energy or 
not; so that if the prospective customer can only be persuaded 
by the solicitor to go with him to see the well-pleased customer, 
the latter will probably do much to convince him; his words 
will have very much more effect than those of the solicitor, 
as the possible customer appreciates that he has no " axe to 
grind " or commission to earn, so that his evidence will be 
impartial and unbiased, and, therefore, worthy of careful 
attention. Moreover, in so doing, the solicitor will make a 
better friend of his pleased customer, for it is a well-known 
fact concerning human nature, that no one ever did a favor 
for a man without liking him better than he did before. 
The customer also appreciates the delicate flattery of an ap- 
peal to his sound business judgment in having, after due and 
careful consideration, decided to install an electric drive. 

78. Undoubtedly the individual driving of machinery 
should be advocated, whenever feasible, so that utmost ad- 
vantage can be taken of the economy arising from the eUmina- 
tion of the friction losses of belting and shafting. The saving 
of energy in this way often amounts to a considerable item, 
which assists largely in the arguments as to the superiority of 
electric driving over other methods. Too much emphasis 
should not be placed upon the saving to be effected in this 
way, for it is not enough merely to show ^ rcv^xv VVvaX.Xs^ ^^- 
pensing with belting and shafting, and puXXixv^m \\v^!ib^^.$i^ 

21 \ 



Sec. I, 79-81 BUSINESS GETTING 

motors, much of the energy now being dissipated could be 
saved ; the question must be treated in its broader sense of the 
total reduction in cost to be anticipated by the use of central 
station energy, otherwise, by not taking all the factors into 
consideration, the prospective customer may follow the 
solicitor's advice to the extent of installing an individual 
motor drive, but may then proceed to operate it with his own 
generating plant, instead of using the central station service. 

79. Like many other good things, individual motor 
driving can be carried too far, not so much in the electrical 
sense, for the difference in efl&ciency of modem electric 
motors at light and full loads does not amount to a very 
serious item, but from the point of view of the capital invest- 
ment in this motors, the interest on which is as much an 
operating cost as the energy consumed. 

80. One great difl5culty that confronts the solicitor is the 
question of the prospective power user as to what he is to do 
with his existing power plant. It is not easy to show some 
manufacturers that although they may have charged the 
entire cost of such plant to their depreciation account, and it 
is not now represented by any value in their books, yet the 
cost of fuel and maintenance is in excess of the cost of opera- 
tion plus the interest of the investment and depreciation of a 
modem installation. Each case of this kind has, of course, 
to be separately considered and careful tests made of the 
existing plant. In all probability some arrangement could be 
made on a guarantee basis, to the effect that, during the first 
year of operation, the charge for energy should not exceed the 
present cost of the obsolete plant. After an investigation in 
cases of this kind, certain motor manufacturers are prepared 
to cooperate with the central station in supplying the motors 
on a rental basis, agreeing to take the motors back should the 
cost of the service prove to be very much in excess of that 
estimated. The usual result of such a test is that the motors 
stay in. 

81. It is advisable to render every possible assistance to a 
prospective customer in the disposal of his old power plant, 
for the sooner it is sold, the sooner the central station is as- 
sured of a new customer. It need hardly be remarked that 
it is well to endeavor to make the sale outside the area sup- 
plied by the central station. 
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BUSINESS-GETTING SYSTEM 

82. The keynote of modern successful business is system, 
and in these days of keen competition the more perfect the 
system, the more prosperous the business. In soliciting it is 
very essential that a good system be employed, for, intelli- 
gently handled, it will be the means of saving much time and 
labor. 

83. When the general scheme of the system to be adopted 
has been worked out, a general instruction book should be 
prepared containing notes on the schedule decided upon and 
copies of instructions relating thereto. Such a book should 
be of the loose leaf form so that fresh instructions can be 
added in their correct place from time to time, as the system 
develops in its details. It is advisable to maintain duplicate 
copies of this book, one for general use and the other for the 
manager's reference. A book of this description will prove 
of great value and assist generally in the smooth operation of 
the system. 

B4. Advantage should be taken of those modern office 
methods of keeping records — the vertical Oe with a separate 
numbered folder for each name, and the card index. One 
standard size of card should be used, preferably the 6 in. by 
4 in., of thin material, so that it can be easily used in the 
typewriter. 

85. Each customer should be allotted a number, to 
facilitate reference to the records of the accounting depart- 
ment, correspondence, installation data, etc. To the rota- 
tion number should be added a letter to indicate whether the 
building occupied by the customer may be classed as (R), a 
residence, or (S), a store or business place, or (P),a place 
where power is used. 

86. The first thing that should be done in the actual work 
of soliciting is the compilation of a card index of existing 
customers, as it is essential that accurate information should 
be on hand ready for the time when the question of an increase 
in the lighting or power load has to be considered, and also to 
satisfy the queries usually put by a prospective customer 
as to what his neighbor is doing. Solicitors by referring to 
this list can avoid the error of canvassing exislm^ oi^lcyoNKK.. 
This index should be arranged in alphabetical axvdxv\rKv^Tvc?^ 
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order of the streets of the city in which the building is lo- 
cated, and not according to the initial letter of the customer's 
name, or the number that has been allotted to him, since from 
the point of view of the supply of energy, the building is the 
permanent feature and the occupant merely temporary. On 
the same card should be placed the customer's rotation num- 
ber and a note as to his connection in equivalent i6-c. p. 
lamps and in horsepower of motors installed. The cards 
should be distinctively marked by a rubber stamp — say, 
with a broad red band across the center, — so that they may 
be readily noted when placed with cards containing names 
of those who are not customers. 

87. In the vertical index file, in the folder under the 
customer's rotation number, in addition to copies of any cor- 
respondence, a form should be kept containing items of useful 
information that cannot conveniently be put on the cards. A 
note should also be made concerning any special applications 
of electricity at the consumer's premises, with any interesting 
data thereon. All information should be verified as far as 
possible by actually visiting the premises of the customer. 

88. While it is advisable to get the above-mentioned 
particulars together as early as possible, it is, of course, 
very important to commence the actual soliciting, at the same 
time compiling a record similar to that mentioned above, 
of all buildings and their occupants, within reach of the 
existing service mains. To aid in getting this information 
together, maps of the distribution system should be prepared, 
with the various distributing mains indicated upon them in 
colors. This list completed, the remaining buildings in the 
city must be canvassed and listed in the same way. In both 
lists the form of illumination employed, with details as to the 
number of gas jets, Welsbach burners, average monthly or 
quarterly bills, and the name of the owner of the building, 
should be carefully noted. To aid in obtaining the occu- 
pants' names the local directory will afford considerable 
preliminary assistance, and the telephone book will form a 
useful check, but these cannot usually be fully relied upon, 
and it is most necessary to obtain exact records. Even such 
an apparently small item as getting a man's initials correctly, 
and his name spelled properly, is of more importance than 

appears at £rst sight, for many men are very seti'&\\\Nt oxvXJkl^ 
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point, and to rub a man the wrong way, even in the slightest 
degree, when soliciting business is a mistake which should be 
carefully avoided. A correct and complete record is always 
of value, an)rthing else is useless. Having obtained the 
record, it must continually be kept up to date by following up 
all removals which take place in the city, information con- 
cerning which should be sought from daily papers, from 
friendly real estate agents, auctioneers, architects, contrac- 
tors, and from all others who are likely to know of such 
changes. 

89. An information file should be kept in the ofl5ce, for 
general reference, containing illustrations, data, and prices of 
special combined apparatus designed for operation with 
electricity, such as coffee grinders, milk shakers, air pumps 
for raising liquids, heating devices, etc. Such a file is very 
useful in assisting customers in the selection of labor-saving 
and, incidentally, energy-consuming devices, therefore a 
special effort should be made to keep it well abreast of the 
times. It should be classified according to the uses to which 
the apparatus can be put, basing the classification on some 
well-known standard system such as an extension of Dewey's, 
which is employed by nearly every public library in the 
United States. A card index should also be prepared for use 
in conjunction with the file collection. 

90. The various mechanical aids to new business getting 
may be tabulated together with the details of their operation 
as below: — 

Main Card Index 

91. Arrangement: — 

(a) In alphabetical and numerical order of streets. 

(b) Streets indicated by guide cards with projections at the 
left-hand side. 

(c) If the index is a big one in a large city, intersection of 
cross streets on a street should be indicated by guide card 
with projections at the right-hand side. 

(d) North and south or east and west sides of streets should 
be indicated by another set of guide cards with projections 
a little way from one end. 

(e) Where streets are long, more guide e^xds ^avi^A\^^ 
used to indicate the house numbers. 
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(J) Streets, or parts thereof, through which service wires 
are laid can be indicated by guide cards, colored on one 
side, the colored sides so faced or turned that the cards in- 
cluded between any pair of these faces bear the addresses of 
buildings in reach of present service mains. 

Containing: 

(i) In addition to occupant's name and address, the 
classification letters S, R, and P, and if a customer, his rota- 
tion number, also. 

(2) Name of owner of building. 

(3) Date of verification of the information. 

Note: Cards must never be removed from main card in- 
dex except temporarily for correction. 

File Card Index 

92. Arrangement: 

Occupants' names in alphabetical order. 

Containing: 

In addition to the name and address, the number of the 
folder in the file containing all correspondence, data, and 
other records relating to that particular occupant. 

Note: (a) Even if there is no correspondence, or other 
material to file, a card should be made out (without a folder 
number) for every address in the city. The index can then be 
used to locate a man whose name only is known. 

(b) Cards must never be removed from this index except 
temporarily for correction. 

Vertical or Other Files 

93. Arrangement: 

In numerical order of folder. The folder number for 
customers should be the same as the rotation number. A 
separate series of numbers should be utilized for other than 
customers, the number being changed on the folder and file 
card index for the rotation number, when the person con- 
cerned becomes a customer. 

Containing: 

All correspondence, agreements, estimates, etc., also all 
technical data and general information collected by can- 
vassers, 
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Note: When any information is required, the whole folder 
should be taken out. On no account should anything be 
removed from a folder once it has been placed there; in this 
way much confusion can be avoided. 

Address Plates of Addressing Machine (if such a Machine 

is Used) 

94. Arrangement: In three main sections (S), stores and 
business premises; (R), residences; (P), places where power 
is used; each section being divided into six subsections. 



Mark 


Indicates that Addressee 


I 

2(L) 
2(H) 

2(P) 


Is not at present interested. 

Partially interested in light, heat, and power. 

Partially interested in light. 

Partially interested in heat. 

Partially interested in power. 



Customers are indicated by their rotation number and 
respective section letter S, R, or P. Each section should, if 
possible, be contained in a separate case to obviate any 
danger of mixing. 

Section Card Index 

96. Arrangement: (a) The same as that of the address 
plates of the addressing machine. 

(b) Clips or markers, bearing a number corresponding to 
the day of the month, can be attached to the cards referring 
to any occupants, whom it would be wise to look up on that 
particular date, or with whom an appointment has been made 
for a future date. Thus the index will serve as a constant 
reminder of these dates, and for that purpose should be ex- 
amined every day. 

Containing: (i) Address, as on address plate, with sec- 
tion and subsection mark. 

(2) A dated record of the numbers of all form and circular 
letters sent out, also booklets and other adveT\!\svxi%\sv2^\.\R:t^ 
and dates of personal calls. 
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Maps of Territory 

96. Arrangement: Location of high-tension, service, and 
power lines, marked in diflFerent colors. 

Information File 

97. Concerns any electrically operated apparatus; data 
kept in classified folders. 

Information File Card Index 

98. Subjects in alphabetical order. 

A book of the loose-leaf form should be provided with con- 
tents classified, containing notes on the general schedule 
decided upon and copies of standing instructions relating 
thereto. Duplicate copies of this book should be maintained 
— one for general use and the other for the manager's 
reference. 

99. Only those who have applied the labor-saving busi- 
ness aid, known as the card system, to the commercial de- 
partment of a central station, can realize how unvweldy and 
useless it is apt to become, unless carefully thought out. The 
basis of the schemes suggested here is that the main index 
be arranged in alphabetical and numerical order of the 
streets; this is done on the assumption that the buildings 
are the permanent features, and the tenants liable to change. 
This list covers the main requirements. For circularizing 
and other special purposes, it is necessary to distinguish 
between stores, residences, and factories, hence a corre- 
sponding classification and any needful subclassification are 
made of the address plates of the addressing machine, each 
set being still kept in alphabetical and numerical order of 
the streets. If an addressing machine is not employed, the 
main card index will serve as it is for copying addresses from, 
the classification mark decided upon being put very clearly 
on each card. 

100. Some one has doctored up an old saying, and made it 
read thus, "A little system is a dangerous thing." This is 
also true of too much system. In organizing a new business 
or commercial sales department, the central station manager 
wjU do well not to forget that it is possible to become 

swamped with system if the thmg is earned to exXx«ft3e&- 
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BUSINESS GETTING Sec. i, xox-103 

101. A good system should be devised for the business, 
and not the business turned upside down to fit any one par- 
ticular system — no matter how highly recommended. 

102. As the newspaper and mail advertising campaign 
(which it is assumed is in operation) will be bringing in 
inquiries before the solicitors have completed their prelim- 
inary systematic canvass of the territory, arrangements must 
be made for taking prompt and proper care of them; the 
solicitor from whose territory the inquiry emanates being 
advised to look it up as promptly as possible. 

103. The solicitor in making out the report of each call 
should indicate whether the occupant was (i) not at present 
interested, (2) partially interested in (L) light, (H) heat, or 
(P) power. The object of this being to possess a record 
which shall form a guide as to the advertising literature that 
should be sent to arouse interest and carry it past the stage 
of partial interest. The remaining case, the interested party 
is, of course, at once taken care of, and, if possible, converted 
into a customer; if this cannot be done, he should be classed 
as "partially interested." As this information is obtained, 
the plates of the addressing machine — if the central station 
possesses such a machine, as it should do — should be sorted 
out accordingly. A card index, which is a duplicate of the 
address plates of the addressing machine, should be prepared 
and arranged in the same way, so that the three main sections, 
i,e. the S Ust (stores and business places), the R list (resi- 
dences), and the P list (places where power is used) will now 
each have been divided into six subsections, indicated as 
below: — 



Slist 



S(i) 
S(a) 

S(2L) 
S(2H) 

S(aP) 
S 



Mark 



/ 



Rlist 



R(i) 

R(2) 

R(2L) 
R(2H) 

R(2P) 

R 



Plist 



P 
P 



/ 



(I) 
(2) 



P(2L) 
P(2H) 
P(2P) 
P 



Indicates that the Addressee 



Is not at present interested. 

Is partially interested in light, heat, 

and power. 
Is partially interested in light. 
Is partially interested in heat. 
Is partially interested \tv po^et . 
Is a customer. 
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Sec, r, ra^-mlf BCSDWES CSTTT3nS- 

104. Liiose4ieaf mamB fiocmK ( witfa. Ht^rtrfmig' as shown 
heiow should be orrsngBd in the aniidtnra^ pockcflbook so 
:hac !ie niay know^whezetheexxstbig^inamsiiLliisQ^^ lun 
and liso ^heit extsiaoim will be maiie if requirett. 30 tiiiat if 
a pmspective cuatniner wishes as knew if he 15 wtchm icacfa 
It *:iie iiectric aerTice, the golin'mr rrm iuiomi ftfnr imme- 
diateiv without havmi^ to Eooer to the office. T^cse ioniis 
ihouid "^e kept in alphabetiual and nmnexiinil ardttsr of the 
streets, and carefiillT' Ecvised fermi tiine to dmfc 
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106. I3 wilL be of conaderoble asasmmn* if x local 
map is ::it op into sections, so as tu it the soiidturs pocket- 
heck: ::ie nm of the miiins bein^ marked on eaizh. section 
Ln irAcrni ink. The d.in* of the last correction ^^hanLd be 
indicarefi on each section to insure that it is in accoBdaiice 
irltii ill im latest extenaons. 

Ifl6. If ±is plan is ajdopted, there will be no need to itse 
±e Jci:se-ieaf mains Dorms, previously referred to. 

Avenue 

ELmd N«j. C!a^ 



-Sicc 3LisiiiBni:e Power L'ser 


L ses ♦'^lettridaCT ior 


N«:w ^"-srur ElectriirltT' *ja:i Oil 


5ijci 


t'iuarrEr" ^^kia- Bills Mar. Jme 5t;pc Dec. 


PariroiT 


Bnrirtimc^-reifior Liirrcrai'-'udeis H.«:ni=.n:^ 


Hot Place 


Oatiast 


iSLcitde 


BiteoeHui in ELsutxu: Li^tiL H.eaL Fowei- 


R..unjiinr 




Faa 




M.oi?jr 


Orasrof B^iilduKc 
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CALLS MADE 




Date . 


Remarks 


Initials 



























A form for a card index record of all tenants of houses and 
other buildings along the route of the mains. These cards 
are to be filed alphabetically according to the street names, 
or nimnierically according to the street numbers, the cards 
for each street being placed in the same order as the num- 
bers of the houses. 

Blank Form for Data concerning the Lighting Bills of 

Local Consumers 



Name 


Address 


Total 

Bills per 

Annum 


Total 

KW.-HRS. 


No. OF 

SO-WATT 

Equiva- 
lents 


Per so-watt 
Equivalent 




Cost 


Kw-hr. 

















THE RELATION OF THE GOMPANT TO THE CON- 
SUMER 

107. The relation of the company to the consiiiner is the 
same as that of any producer to those who use his products. 
It is essential that this relationship be very close and friendly. 
In the eyes of the consumer, the solicitor represents the 
company, hence his prime duty is to maintain pleasant re- 
lations with both present and prospective coivsvixftets*. 

108. The solicitor has also to bear m imiA >i)ae^ yck^^x- 
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Uf,/ 1, »A ftUM41iitf promptly to any eompUiiili H§ riiicn 
f#»^/ Ii4v< f/f iii;ik«*; in nliort, he must make ii eriDs 
«- /t » 7 oi»< ilui Ilia < otti|>:itiy i.s rcafly to do all in its -po-wt 

ll.i f iifiv* fiiriM r of f ohHUtrUrrs. 

MW ll«<iir tlir iircr'-.Mty for giving careful attend: 
{?•!' It fiiMifiimifii ii^ liii vr alrc*:i(ly l)t'cn secured. The solid 
«-rr.itia Im idittiiit hrvv i iinionu'rs will not be of much av: 
I til iiii ii In wlintn lir npraks havi* in mind a store or hou 
i*liii li f U>i itii ily tltirri nut srcMn to U* a success. Foralth< 
\U\^ :«ii intng ittiliiir i^ dtir, not to rltrtricity, but to the a 
\\\\t Mtil %%\ liip " primv wisr, |Hnind fot^lish " system of bu 
liumilihl liunp-* linaiinr lliry an* cheap, or of continuii 
ii:$i. {loitil \i\\\\\\^ niirr thry are ri*ally worn out, bad arra 
nu Ml iif U\\\\\^, rir . vri to the uninitiateil, naturally electi 
!»;i:» \x\ Wa\ Ihi' l^lrtmr Therefon* the importance of pa 
.humIUm) Io rvixhnii riniMuners, UMh warning them oi 
l.iU»- ^^iMUMux \\\ \\u\\ ptwe^iures, and also giving i 
•i.Uiiv .»^ to lu»xv il^cx n\av nrranct^ iheir lamps in ord 
^i» in> \\w tsv^i p*v\vj!*lr Ujiht at the lo^vc>^I ixissible exp 
^lu^^ f.«, !» x.uiviusK ;:xt*>^*7er is AV. r*..ivievi advertiser 
xx'iiK a\\ xx!to ,^»v ;*.*^; ;v;-:a :!x •.>ieAst\: x^-iih :he serviced 
,,x!,J Tmnt !^\ *:^,\; ,-:;xx,;::v;A» ;:^^r: ex er. if r^fv do noi act 

XX^\ \:,%xsvii:- :v;', "• x;:-,>ss :s ','v/ ;.-.v\r rr^f —mortar 
>(«^MA^iii^ ^)i^ vil*tA#*» . -N :^.v -* 'v -;.>:-■• rrnr:-:ded 

.,.- »xx-v "-.x X>v iv -*.^-' ;v^r:s >^~r 1:5 

X ■ 

v^ ^ - wk^-v % >c^ '.• •,\ , ..r -..', . ^ — Tij^^TTcT — 

» X. ... . . -X ~ N. X. -X V ■ ^CS, - • >. . .. r*-. ■ -. .m— . 

W\ ^'^ -x^-.-x-x-k-'* ■ ■ ?<x.-» •.*•'. * >■ **..>&. ':^*' nv»ir, Ii 

T« •• «^,.H»-N« N* ^■x-x'-x ■ .-.■1 ^yvnbi'^MI^ «hfciM^f *^. i".'\5 
• %<»1V <«v<xx * * x** ■» "*■ *-"**^ ' * V ~ "■ ^ "• '-^i-r^ 1*2 

« * « X '' 

•^-^ ♦S- • .■.»x- ■« N-*X, * ■ ^" • ■ ■ ■ '^. S» ■■.■.■. L ■ ^' '-Til "• U 
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iidhnr wfto g^ics imy. HicRlafe it bdiOQires the setfidUMT 
%£ HnBHiianeagn-like; he must not cut his figures^ but quote 
n- ^onkss m the fbtst instance, the same piices and tenns 
at 3ffi^ Q^aaHts cveij one else undor similar ccoidittions. 
UOL AiB^thiiig that can be airang^ by the c^EitraJ static 
wa^mm Iks iaitial ia i wAiuM fc of h««» wtriof should be 
mc ff the central stad<m does not caiiy out house mring, 
e flocal Gontractcxs should be suporised, to see that their 
adk nsdone in die best and most economical way; that is, 
e ocBtral station should be prepared to act the pait of a, 
nffamlttaint, to advise upcm a suitable installation and dntw 
» a specification, and to arrange to inspect the woxk as it 
Dcecds. The majority of wiring contractors consider 
at ail they are called upon to do is to pass the insulation 
it lequired by the dectrical authori^, and that the smallest 
3e wire or caUe that wiU cany die current demanded 
thont gating dangerously heated can be emploi^ed; at 
e same time they will often play upon the ignorance of a 
stomcr with respect to his fear of possible fire risk, iper- 
ading him needlessly to install, say, an expensive main 
itch or other device. Any tendency* on the part of the 
ntractors to talk of dectrical fire risks must be imme- 
itely suppressed, as it is apt to do a great deal of damage 
central station business. 

113. Local conditions and environment have a great. deal 
do with the suitability of the application of any special 

opositions, and they must be borne in mind when con- 
lering the following. notes. * • ' , 

114. Usually the most difficult case to deal .wifh is that 
the man who rents, and does not own or lease the house 
is in, for he does not fed JDStified in wiring, ^ot knowing 
w long he will stay there, and his landlord often will not 
re unless he can obtain an increased rent which is out of 
oportion to the enhanced value of the house due to the 
itallation. As more and more houses in a town become 
red, the landlords find that they have increased difficulty 

letting the unwired houses; it is not, however, easy to 
ike them see the advantage of wiring their property, until 
sy are compelled to do so in order to let the house at all. 
the landlord is obdurate, it is often advisable iox \Jcv^ c^\!>l- 
J station to get permission from him to insVsJX -mrvxi^ \a. 
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Sec. I, 11S-116 BUSINESS GETTING 

the house for a term of years and make arrangements with 
the tenant to purchase his own fixtures, and to pay a fixed 
sum monthly in addition to the charge for energy consumed; 
this fixed sum being based on the interest and depreciation 
on the investment. As it is divided into monthly instalhnents 
the amount to be paid does not appear large, and the proba 
bilities are that if a tenant should leave, the incoming one 
would also use the light. There are, of course, risks in under- 
taking work on this basis, but it is all helping towards the 
attainment of the day when it may be said that practically 
all the houses in the city are wired. 

116. Arrangements should be made, if the central station 
does not find it expedient to do the work itself, whereby all 
the arc lamps in the city should be trimmed by one contractor 
under a special agreement, made, say, on a yearly basis, so 
that the actual cost of trimming to the consumer be reduced 
as much as possible; that is to say, that the central station 
should act as an intermediary between the contractor and the 
consumer, insuring a more satisfactory arrangement for both 
parties. This suggestion of arranging for the trimming to 
be done by one contractor is made upon the assumption 
that bids for the work, say, for one year, be received from 
any contractors interested and the most favorable accepted. 
If all the lamp trimming required in a city be in the hands 
of one firm, they can do the work systematically at a lower 
J) rice than could be done were each storekeeper <o make an 
individual arrangement. 

HELPFUL HINTS TO STIMULATE ENTHUSIASM > 

116. Drive One Point Home. — The average central 
station solicitor is apt to take too much for granted. 

lie, of course, knows his subject by heart and has a rip- 
pling lingo which drips from his silver tongue with the 
regularity of machine work — often it savors too much of 
machine work. 

Remember that, while you should not treat your prospect 
as if he were an emerald numskull, bear in mind that he 
doesn't know as much about your proposition as you do. 

»" The Booster.'* 
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BUSINESS GETTING Sec. i, 117 

You should enter into the details of your subject, laying 
due stress on the salient features, so that the prospective 
customer may grasp the situation with clearness and under- 
standing. 

If you fail to keep this in mind, the tendency is for you to 
ramble through your discourse hurriedly and superficially, 
in such a manner that your man will fail to follow you. 

The safest way is to assume that your man knows about 
your proposition only as he manifests his knowledge. 

K you hop, skip, and jump from point to point so swiftly 
that your man cannot digest what you say, you will find that 
instead of interrupting you for elucidation (and thus acknowl- 
edging his dullness) he will perfunctorily nod assent to all 
you have to say, and appear to comprehend, although when 
you are through, you will discover that you have not con- 
vinced him. 

Not all men are quick, and but few men will acknowledge 
that they are not. 

117. Planning Ahead. — Get out of bed in the morning 
and take a cold water plunge. 

It's good for you and good for your company — wipes the 
cobwebs from your brain. 

Go at your work afresh. 

Spend a iew. moments getting your day's work mapped out. 

Have it aii methodically arranged — then fire ahead. 

Your fittt call is on Jones. 

You know Jones. 

You know his business — or you should. 

You know what kind of goods he sells — what kind of 
people buy his wares. 

Figure out his needs. 

Decide what will most benefit him. 

Then sail into him on that subject. 

Show him where he should have "that sign." 

Tell him it will work when, he and his helpers are resting 
their weary limbs for the business it will bring him on the 
morrow. 

Every prospective customer is ready with a "no," get him 
to say "yes." 

To sell electric energy intelligently, make yo\irs»e.li i^.xc^'sx. 
with the other forms of lighting, heating, and ^o^^x. 
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Keep track of gas explosions. 

Keep track of asphyxiation cases. 

Keep track of oil-lamp explosions. 

The nearer the accident is to your territory, the better an 
argument it should be in your hands. 

Carry newspaper clippings of these if possible. They'll 
help you to "show." 

Intelligent conversation on topics of the day may help 
you with your customer. 

Read the paper and keep posted. 

Use tact. 

Be resourceful. 

Adopt a creed of persistent hard work. 

Equip yourself with unwavering courage. 

118. Get in the Game Right. — Solicitors are made, not 
bom. 

Don't get any misleading idea into your head that you'll 
never make a solicitor. 

Be sure on this point: more sales are made as the result of 
••perspiration " than "inspiration." 

You can't get away from the fact. . 

And the man who keeps everlastingly at it — never quits 
— who'll never say die — is bound to win in the end. 

Introduce some of that bulldoggedness into your daily 
work. 

Exercise your will power. 

119. Remember the Little Fellows. — Too many central 
station solicitors are content to touch only the high places 
in their canvass of a territory. 

They want to grab off the big users, and when they have 
received a few contracts from some of these and turn-downs 
from the balance, they look upon their labor as done and 
demand a new territory because they say that "we have got 
all there is to get," forgetting that it is the small fellow's 
business that is going to gro^ into big business later, and 
that the central station can better afford and should in all 
reason prefer to have ten customers whose yearly revenue 
to the company was only $250 apiece, rather than one 
customer whose revenue to the company was $2500. 

It is little fellows that count big, because there are so many 
more of them, 
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SECTION 2 

TALKING POINTS 

INTBODUCTION 

1. No attempt is made to give here a complete list of 
talking points, but rather to give the fundamentid facts upon 
which practically all are based, and illustrations to show 
how the facts can be adapted to various conditions and pre- 
sented to the prospective customer in a way to convince him 
of the superiority of electrical energy over all other forms as 
applied to his particular case. 

2. Before going any farther, it maybe well to say a word as 
to the nature of electricity itself. As was pointed out in 
Section 1, what people want is light, heat, or power, and they 
do not care how they get it so long as the results are satis- 
factory and the cost low. Light, heat, or work done by a 
motor are all derived from energy, and this must be purchased 
in some form or other. Energy is stored in coal and gas in 
chemical form, and can be extracted therefrom only by com- 
bustion. Electricity is similar to gas in that it can be con- 
sidered as a medium transmitting energy from one place to 
another, but unlike gas there are a great many different ways 
in which electrical energy can be utilized. 

3. It can be completely transformed into heat, without 
any loss, it can be made to exert a mechanical pull with but 
slight loss, as exemplified in magnets, motors, etc., and it can 
produce light with but slight heating effect. 

4. The fundamental advantages of electricity are : Safety, 
health, purity, adaptability, control, and economy. 

6. Safety is the first requirement of any agent used to 
transmit energy. Dynamite has an enormous capacity for 
storing energy, and were it safe, would undoubtedly be used 
to drive internal combustion engines instead of gas. 

ft Next to safety from sudden deatVv and daxv^etow's. 'svSLOr 
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dents comes health. That illuminant or energy carrying 
medium that requires the least oxygen in its utilization is 
undoubtedly the most healthful — electricity requires none. 
It does not contaminate the air in the least and can 
be adapted to every conceivable form of illumination 
without the slightest danger of fire, so that the best results 
from a hygienic standpoint are easily obtainable. 

7. Assurance that the energy paid for is being delivered 
is a great satisfaction to the customer. Electricity cannot be 
adulterated, and the meter measures energy and not electric- 
ity. The light, heat, or power depends on the energy, and 
the energy is equal to the quantity of electricity times the 
voltage. Now if the voltage is not kept up, the light will be 
dimmer and the motors will run a little slower, but the meter 
will also run slower, so that if good service is not given, 
neither is it paid for, thus the meter automatically protects 
the customer. 

8. The adaptability to practical service conditions is often 
considered before the cost. Electrical energy is far ahead 
of all other forms when it comes to adaptability, which is 
unlimited. New ways of applying it are invented every day. 
Electric lighting can be adapted to suit any imaginable 
architectural scheme without entailing the slightest fire risk. 

9. Electric motors can be applied to all commercial 
machines and appliances where power is needed in any 
desired quantity and at any desired speed. 

10. Electric heating is costly when compared with gas or 
coal on the energy basis, but when adaptability is considered 
it has the field all to itself. The heat can be applied just 
where it is wanted and in any desired degree. 

11. Control of the energy so as to get just the proper 
effect is a very necessary feature in many cases. Electrical 
energy is always under perfect control. Light, power, and 
heat can be regulated at will by pressing a button or turning 
a knob. 

12. Last but not least is economy. A volume could be 
written on this one talking point, there are so many wajrs in 
which it can be presented. The economy is mainly in 
dollars for unit work satisfactorily accomplished. It is not 
always a question of the cost of energy supplied, but more 
often the efficiency of its transiormatioii itvXo M^^eixA'^O!^, 
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13. Owing to the ease with which electricity can be turned 
•n and off, waste can be avoided. Aside from this, electrical 
nergy can be more completely utilized either as heat or 
ight than can any other form. By using efficient apparatus 
a a judicious way, the electricity bill for a given service can 
»e made so low that it can stand comparison with that for 
my other form of energy. 

14. The electric motor is very efficient throughout its 
operation both above and below normal speed, and is there- 
ore excellently adapted to fluctuating loads and low load 
actors. 

ELECTRIC LIOHTINO 

22. The advantages of electric lightiiig are many. It is 
;afe, hygienic, adaptable to all sorts of conditions, perfectly 
:ontrollable and very economical. No other illuminant can 
)e used in as many different kinds of lamps. 

23. Electric lamps are made in all shapes and sizes, from 
iny globes to long tubes, and the quality of light obtainable 
vith them depends on the type of lamp. The color of the 
ight differs widely in the various types, as well as the brill- 
iancy and intensity. A considerable range of tints can be 
jecured in the flaming arc and the Moore tube, to suit the 
Durposes to which they may be devoted. The intensity of 
light varies from a fraction of one candle power in the 
niniature incandescent lamp, to many thousand candle power 
n the multiple arc; the brilUancy varies from that of the 
irc — the most brilliant artificial Ught known — to the mer- 
:ury vapor and Moore tube, which give such a diffused light 
that practically no shadows are cast. The different types 
3f lamps are described in Section 3. 

24. In the following paragraphs the advantages of electric- 
ity as an illuminant will be discussed under specific headings. 

25. Safety. — Electricity as employed in the central sta- 
tion at high pressure is, of course, dangerous, just as high 
pressure steam is dangerous. But electricity at the pressure 
used for house lighting is quite safe. The worst that could 
bappen to any one touching live wires in a private house 
(vould be a somewhat unpleasant tingling sensation, like 
pins and needles. There cannot be anything verj ^ei:vQ.\i& 
ibout It, since wiremen habitually test 'wYve\)^et z. etto»X.Ns» 
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alive or not by putting their bare fingers across the exposed 
parts of the wires under the switch covers. There is, of 
course, no necessity or probabilit}' that the householder will 
ever come across two bare wires, as they are all well covered, 
but even if he should there would be no danger. As far as 
danger to children is concerned, the electric wires are 
always placed far out of their reach. 

26. If the wiring should be mechanically damaged, a safety 
device, known as a fuse, cuts oflF that portion of the wiring 
system. As no matches are required to light up, accidents due 
to loose matches and unextinguished match ends are avoided. 

27. When any one gets a shock in an ordinary house, it 
is generally due to his attempting to effect repairs with the 
switch in. It is much wiser to leave repairs to the expe- 
rienced workman. 

28. In regard to fire risk, the prevalent notion that electric- 
ity is responsible for a certain number of fires is largely the 
result of newspaper imagination, evidenced in such a remaik 
as this : " The fire was believed to have been due to the fusing 
of an electric wire. " Every one knows that imagination is an 
exceedingly well-developed feature in the newspaper man. 
But to turn from generalities to facts, for facts are stubborn 
things, the London County fire brigade committee in their 
rej)ort of the causes of the 3400 fires which occurred during 
the year, speak of none as being caused by electricity in any 
form. The Phoenix Fire Insurance Company says : " The elec- 
tric light in the opinion of the Phoenix Fire Office is the safest 
artificial illuminant in existence and is preferable to any 
other." Other insurance companies say: "The fires re- 
ported as having an electrical origin . . . were a very small 
j)r()i)ortion of the total fires from all causes." The Fine 
Art and (General Insurance Company says: "We beg to 
advise that we are always prepared to consider the question 
of discounts for electric lighting, and have little doubt that 
wo can make concessions to any intending insurers and 
users of electricity." 

29. In the very early days of electrical practice lack of 
k nowlcilgo and ex]iericnce did result in defective installations, 
hut all that is long since past, and he must indeed be slow- 
^oinjij who gives any credence to-day to the newspaper man's 

/'.ivariU' rnusc of /ire outbreak. 
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30. In New York the fire losses from 1902 to 1905 in- 
clusive which were traceable to defective wiring or other 
electrical causes, were only 361 cases with a total loss of less 
than $250,000. The electrically caused fires were only 1.34 
per cent of the whole, and the losses 1.15 per cent of the whole. 
The population of New York is about 4,000,000. 

31. If, therefore, the public desires to be freed from the 
constant fires which are such a menace to general safety, 
obviously the use of electricity for lighting purposes will 
commend itself. When electricity comes into its own, there 
will be no need of chimneys. 

32. It does not require a very great enthusiast to prophesy 
that the time will undoubtedly soon arrive when about 75 
per cent of the buildings in every city will be wired for some 
application or other of electrical energy. 

33. Health. — Prospective customers will always admit 
that electricity is the illuminant that is best so far as the 
question of health and comfort is concerned, but they do not 
always appreciate the great difference between artificial 
illuminants. An interesting quotation from the building 
laws of a large city follows: — 

" Every hall, auditorium, or room of every building here- 
after erected for or converted to use as a schoolhouse, factory, 
theater, or place of public assembly or entertainment, shall 
have in continuous operation while occupied, a system of 
ventilation so contrived as to provide 25 cubic feet per minute 
of outer air for each occupant and for each lamp other than 
electric." 

34. CoMPARATrvE VrnATioN OF Air by ELECXRiaTY, Gas, 
AND Candles (See 35). 
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36. In the table the figures for electricity are based on 
what the company pro\ddes; the figures for gas are based on 
20-C. p. gas when used in a flat burner (the New York State 
Gas Commission reported an average of only 19. ii for gas in 
its last report) , giving 700 B. t. u. per cubic foot, the vitiation 
of air being taken from figures given in the Encyclopaedia 
Britannica; the figures for candles are based on the standard 
of 120 grains of wax per candlepower-hour ; and the figures 
for the heat produced per person are rough estimates made 
by an expert. 

36. Assuming that each worker needs one electric lamp, 
it will cost not over five cents per day at most, and often only 
two cents or one cent a day. If the wages are paid at the 
rate of $1 per day, the increased health and conifort of the 
worker, due to better light and ventilation, should mean at 
least ID per cent more work or better work, which would pay 
more than twice the cost of the electric energy. • 



SPECIFIC ADVANTAGES OF ELECTRIC LIGHT 

43. Residences. — Electric light is turned on with a touch; 
can be placed in any position, and therefore is especially 
suitable for decorative purposes. It is absolutely clean and 
free from odors. Does not exhaust the oxygen in the air of 
rooms where it is used. Turn-down lamps can be used in 
nurseries, sick rooms, and bedrooms without danger of foul 
leases being generated. Electric light is steady. Shades of 
color can be distinguished more correctly by it than by any 
other artificial illuminant. It does not injure fabrics,blacken 
ceilings, rot leather, ruin the polish of furniture, or spoil wall 
])aper. There is no waste, as with other illuminants, as 
electric lamps can always be turned off when not needed, and 
are easily lighted again, with no search or fumbling for 
inat( lies. All lamps in the house or on the grounds can be 
turned on with a touch, at any instant during the night, thus 
olT(M'ing a most effective means of foiling thieves or burglars. 
This can be done by a switch at the bed of the owner, or by 
an automatic burglar alarm. 

44. Stores in General. — The great advantages of electric 
lis^ht from the storekeeper's point oi \Ve^w ax^: — 
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1. That it does not soil or damage his stock. 

2. Does not produce unnecessarily high temperature, thus 

causing his stock to deteriorate. 

3. Permits the use of the upper shelves for all classes of 

goods. 

4. Allows of the use of dust-tight, and at the same time 

well-illuminated show cases and windows. 

5. Shows up goods in their natural colors. 

6. Does not sap the strength of the clerks, who are con- 

sequently more energetic. 

7. Is an excellent advertisement and a guarantee of the 

high quality of the goods sold. 

46. Bakeries. — In the case of the baker it might be 
thought that B and C could never come together (baker and 
coolness), but with the bakehouse relieved through electric 
light from the hot, close atmosphere, and if equipped with 
an electric motor to drive the machine for mixing dough, and 
a fan at his oven to carry away the heat, then even a baker 
may hope to keep cool, and that in more senses than one. 

^. Meat Markets. — To the butcher coolness of atmos- 
phere is even more of a necessity than it is to the baker, and 
the reasons for this are not difficult to find. Meat is one of 
the most perishable of edibles, and heat, sooner than any- 
thing else, will render it uneatable. Electric lamps heat the 
air but slightly, and cool air means that — 

1. Meat will keep fresh longer and will not lose flavor. 

2. More meat can therefore be displayed in the shop. 

3. Less ice will be required. 

4. No risk of frozen meat being thawed or discolored. 

5. The fat on the meat will not be melted. 

Moreover, electric light throws just the right color on the 
meat. 

47. Chemical Laboratories. — The chemist dreads exces- 
sive heat and varying temperature, because — 

1. Sirups will ferment. 

2. Acids will crystallize. 

3. There wiU be difficulty with b\oYm-o\i\. ^Xo^^ex^ Vt^xft. 

the bottles containing volatile spViits. 
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4. Spirits of ammonia, chloroform, spirits of ether, 
etc., cannot be properly kept in a varying tem- 
perature. 

48. Candy Stores. — Electric light is valuable here be- 
cause it reveals the true color of the candy, also because it 
does not make the candy sticky by surrounding it with hot 
air. 

49. Dairies. — Electricity is perhaps more essential to a 
dairy than any other place. The matter of providing young 
children with pure milk is of paramount importance, and the 
purity of the milk will be more likely to be preserved in an 
establishment where the air is not heated, contaminated, and 
defiled by the illuminant used. Moreover, a dairy should 
always have the appearance of scrupulous cleanliness and 
the entire absence of any dust or dirt, which can only be 
accomplished with incandescent lighting. 

60. Dry-goods Stores. — It is vital for the store keeper to 
keep his goods in prime condition. If he uses electric light, 
his light-colored goods will not be soiled or the black tones 
become rusty. Upper shelves can be used for stocking 
material. Customers can match tints accurately, and do not 
cause inconvenience, therefore, by wanting goods changed 
that were purchased under misapprehension of their true 
tint. The staff of assistants will be more ambitious than 
when their strength is being sapped by breathing the fumes of 
gas. Last, but not least, the risk of fire from goods coming in 
contact with flame is eliminated. 

61. Flower Stores. — No one can pass a florist's window 
that is skillfully lighted by electric lamps. The effect 
is fairy like, and electric light does not harm any kind 
of plant or flower, even the most delicate ferns being 
unaffected by it, and therefore the stock remains fresh 
looking very much longer. The mercury vapor lamp 
produces some most beautiful effects when used to illumi- 
nate green foliage. 

62. Fruit Stores and Green Groceries. — Where electric 
light is used the fruit remains sound much longer, and the 
freshness of green stuff is unimpaired. Green fruit ripens 

gracluaUy without blackening, and all the stock looks inviting 
under electric light 
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63. Groceries and Provifiion Stores. — A pure atmos- 
phere preserves provisions in a perfectly sound condition 
and prevents serious losses from the fermenting of jams and 
canned goods when a grocer or provision merchant has 
installed electric lamps. Moist sugars, dried fruits, cheeses, 
and soaps do not lose their weight because of overheating. 
Bacon never sweats and becomes discolored. With electric 
light provisions can be stored at any height without risk 
of deterioration. The wrappers of proprietary goods keep 
clean and fresh in appearance. The whole store is sweeter 
and cleaner. 

54 Haberdasheries. — The haberdasher who uses electric 
light finds that the colored goods are unsoiled, while white 
shirts and collars do not become yellow, and the rubber in 
suspenders does not " perish " so quickly. 

56. Jewelry Stores. — The jeweler who introduces electric 
light has to admit that never before has he had such an effec- 
tive display. Much time is saved by not having to clean 
tarnish from the goods. Electric light shows precious stones 
off to the best advantage. 

66. Music Stores. — Those engaged in this trade do not 
have to repolish their new pianos or lose sheet music on ac- 
count of discoloration, if electric light is used. 

67. Saloons. — The temperature is kept low and the 
atmosphere fresh, while the often elaborate decorations do 
not tarnish. 

68. Shoe Stores. — By installing electric light stock may 
be kept on the upper shelves ; elastic sides will not lose their 
spring, and the leather in boots will not get hard and stiff if 
stocked for some time, while the thinner and softer kinds of 
leather from which ladies' French kid shoes are made will 
not crack. 

69. Stationery Stores. — With electric light there will be 
10 discoloration of note papers or spoiling of fancy articles 
From heat and dirt. 

60. Tailor Shops. — Too much heat makes every kind of 
cloth harsh and dry. If electric light is used, this is avoided 
and all woolen goods are kept perfectly salable. Air-tight 
md dust-proof cases and windows are possible, as electric 
light requires no oxygen. 

61. Upbolsteiy and Fomitore Storoa. — li decXf^cXv^v.'v^ 
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installed, the furniture does not need constant repolishing, 
nor does the wood crack and warp; upholstery draperies re- 
main unfaded and fresh; oil-polished furniture does not sweat 

62. Hospitals and Operating Rooms. — There are many 
ways in which light can be employed to advantage in the 
medical world. Electric light is the coolest and most sanitary 
method of lighting sickrooms and hospitals, and it is the 
best substitute for daylight if an operation has to be per- 
formed at night. 

In dental surgery a good steady light is of the utmost im- 
portance. Electric lamps for use in medical practice, such 
as the throat lamp, the laryngoscope, the gastroscope.and 
other special lamps, are of great service to physicians. 

There are also the tubes used in the production of Rontgen 
rays for radiography, the electric light bath, the lamps for 
producing the necessary rays for the Finsen treatment. 
In these and many other ways electric light is of great value 
to doctors and surgeons. 

ELECTRIC LIGHT ADVERTISING 

63. Effectiveness. — By actual figures it can be shown to 
a dealer that, space, effectiveness, and circulation considered, 
an electric sign and a well-lighted show window form the 
cheapest as well as the best advertising means he can employ. 
As a mode of advertising it can be compared with the news- 
paper, and his attention can be drawn to the fact that it is 
much more valuable, more people see it, that it is more at- 
tractive, more economical than maintaining an advertisement 
in a newspaper, and that the actual cost of one evening's 
illumination is less than that of a reasonable space in a 
local paper. These arguments can, of course, be presented 
in such a way that the newspaper is not deprecated as a 
moans of advertising, or the withdrawal or discontinuance 
of nc\vs])a])er advertising advocated, while at the same time 
the value of an electric sign can be impressed upon a man by 
showing him how it acquaints people far and wide with his 
name aiul the location of his business. 

64. Advertising by Store Windows. — The object of a 
store window is to advertise not orAy by da.y >aM\. ?i^aici ^ 
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:. It is to be feared that the advertising benefits of many 
windows are lost when darkness comes. This is not as 
)uld be, for the hours after dark are the most valuable 
e whole day for advertising purposes. A store window 
ciently lighted is like a harp without strings. 
. The lighting of store windows is not primarily a 
don of expense, but of efl&ciency. Even for the same 
aditure a better effect can be obtained with electric 
than with gas because electric lamps can be so skillfully 
ed as to throw the light in the right direction, and placed 
actly the right spot without fear of the goods catching 
>r of being spoiled with heat. As to the main question 
&ciency, electricity is far superior to gas, since for the 
dve display of goods more light is necessary than any 
installation can give. With electric light there is no 
, practically, to the amount of illumination that can be 
•ed, as electric light lends itself to concealed illumination, 
I corresponding increase of Hght without an overpowering 

• 

. The ideal store window first attracts the attention of 
;rs-by and then holds it. At night both objects are at- 
d by the efficiency of the illumination. 
. First, as to the attraction of attention, the window 
: be brilliantly lighted so that from some distance it is a 
picuous spot. Many people will specially cross a street 
« what is displayed in a particularly bright window, 
tant variety can be obtained without trouble owing to the 
>le connections of the lamps. A window well lighted by 
ricity is so charming in its effects that it cannot but leave 
«t favorable impression upon those who look at it, and 
; be classed therefore in the list of advertising methods, 
re is no reason why all the pulling in this direction should 
lone by saloon keepers, who almost invariably have 
itly illuminated windows. 

. A store window should not only be brightly lighted, 
tept so as long after business hours as the streets are full 
sople. The majority of stores depend on the working 
€S for the bulk of their custom, and there are many of 
; whose only chance for observing window displays is 
• closing hours. The streets are filled wlVv ^ex^cm^ ^.V^v3» 
of the day eitber going home or to some pWe oi ^.\sv\ysR.- 
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mcnt, and it is a golden opportunity for displaying wares, 
while the neighbor's window may be dark and unattractive. 
It is the actual record of experience of those who have 
adopted this method that customers will come the next day 
inciuiring for goods that they have seen in the windows the 
niglit before. An automatic switch can be arranged to tum 
off tlic lamps at any hour desired. 

69. Then as to holding attention. It is not enough to draw 
prospective customers to the window, but the eflFect on closer 
view must be such as to induce them to remain and look at 
the (lisj)lay. The lamps should be concealed from view by 
siiadcs so that the light does not try the eyes. With electric 
iigiit tiio goods will look fresh in every detail, and their colors 
wi 11 1 )e shown to advantage. The decorations of a window so 
lighted remain clean and untarnished for years, there being 
no destructive fumes as from gas. Dust and dirt can be 
excluded by the practicabilit}' of making the window air- 
tight — an impossibility when using gas or oil lamps. The 
glass of the window remains clear and undimmed by conden- 
sation of moisture, as electric light does not give off vapor or 
cause lluctuations of temp)erature. 

70. Advertising by Electric Signs. — Electric signs are now 
rej^anlod as among the most profitable advertising mediums. 
Within the last two or three years much ingenuity and art 
hav(^ l>0(Mi oxorcisoii in improving the designs and heighten- 
iujt the elTivt of these fixiun>s. Xew York, Paris, Berlin, 
Mnissols, and even London have had a new night aspect im- 
part (m I to some of their principal streets. Broadway and the 
Houlovanl dos C\ipucines simply burst into flower after 
dark, for tho\isands have been s].^nt on these two streets 
alono for oKvtrically illuminated dewes of all kinds. 

71. Vhvw Avc nearly a hundred thousand of these signs 
in tlio rnitt\l Stati'^. It is not to be supposed that 
s brow J nuMiov niaki:ic: merchants would use electric 
h)\\\\ it it divl r.ot hrinc in business. They are not using 
it M^M^lx to holp out the cor.tral siaiions, but to make money 
1«M ilu^niM'hos. 

7'?. Sonic ]v\volc will n\^d the advertisements in the news- 
jvus^^-^. h\]\ \\> s^:w car. help rcadirig an illuminated sign. 
/ /•;/. Ti' ;/v c/)'(\'n'vc:\^'5 as l^oing ivi pTO"c*orrion to the popula- 
//.»;; .»/ r'jr iit\ y\]:cTV it is iViaceA, 
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ELECTRIC HEATING 

73. The salesman of electric cooking and heating appara- 
tus who enters the field at present may justly be considered as 
a pioneer, and, compared with older lines of industry, he is 
working virgin soil. He is offering for sale something about 
which the public is almost wholly ignorant, and the use of 
which by the individual is, in the majority of cases, experi- 
mental; the first cost is apparently excessive, and the ex- 
pense of operation, owing to a widespread impression, seems 
exorbitant. He must be able to convince the prospective 
buyer that the efficiency and practicability of electric heating 
are assured; that the first cost of the apparatus is not 
excessive when its durability is considered; that the scientific 
knowledge necessary to its proper construction, as well as the 
time, money, and labor that have been expended to bring 
it to its present perfected form must be taken into account; 
and that the expense of operation need not be exorbitant. 

74. The electric system of heating is notable for — 

1. The sanitary conditions its use promotes; 

2. The cleanliness it maintains; 

3. The convenience and flexibility which it offers; 

4. The reasonable expenditure it entails ; 

5. The safety it insures. 

76. In cleanliness, convenience, and safety, electric cooking 
and heating apparatus has no rival. 

76. A steak broiled on an electric gridiron has a flavor and 
juiciness entirely unique. No other method of cooking can 
show equal results. 

77. When the baby cries at night, turn the* switch on the 
milk warmer placed by your bed. In three minutes reach 
out for the bottle, give it to the babe, and go to sleep again. 

78. The consumption of coal in a coal stove continues after 
useful operation is completed. There is no necessity for 
consumption of energy with electric heating apparatus 
after the work is done. 

79. Electric heaters of all kinds will continue to do effi- 
cient work for fifteen or twenty minutes after the current is 
turned off. 

80. Loss oi energy and useful heat by i«Ai^\i^TL Vtcixa ?v. 
^oal or gas stove is very great. This is piaelVe^Wj ^vcwcm^XsA 
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7/lM-n f-lf-Mrir heating apparatus is employed, the heat is 
:i)i)ilifr| tx:ui\y where needed, and none is lost through 

HI. 'lUi'U: are two distinct kinds of heating required in 
|ff;iMi(c; viz. nuliated heat for warming large air spaces, 
iiiid Int.'ilixrd heat such as is used in cooking and various 
irnhnhiiil proc-csses. In the former field electric heating 
i-j nol .-.iron^r lirrause of the large amount of energy necessary. 
I'.|r» iii( t'i\vry,y hcin^ in most cases derived from coal, it is 
K«riri;illv i hiNipcr to aj)j)ly the heat of the coal directiy. 
Whrii \\r,\\ is HMjuired intermittently, however, as in the 
npiiiif/ and aiiltinin, it is often cheaper to use electrical 
nnhatnii than tt> start the house-heating system. 

HU I' 1 1 MM a sanitary point of view dectric heating is all 
that I ati III* (h*sired. .\n electric radiator uses up none of the 
n\VK'«» ••» the air. nordiK*sit vitiate it in any way. It absorbs 
hillr Ml tio nioisiuro. as there are no intensely hot surfaces 
III iiiinr \\\ \\\\\\iw{ with the air. Neither does it give off 
nnhrahhv l"u!\u*s of any sort. This is one reason why it is 
•nil \\ :\\\ \\\\;\\\u\U\v means of heating a nursery, for it does 
a\\.n with that fruitful sourv'o of bronchitis, — the sulphur 

l»nni'\ \\\\\\\ \'\\i\\ {\\\^. 

ii«l \\w prMts t cleanliness which characterizes the elee- 
lUo lAtlUlor ^v alvo a liivai arcuniont in its favor. There are 
no . M \ \ ! ; M o 1 1 \ a 1 sh; ; : lu* iwvr, ,r.ui Uxi ce upon every available 
'.|SM. .r.\,i jluMv ?v -„^ ^^*,:^co^ v^t .1 smoky chimney bringing 

M Cswwtwitn^t^ ss\;;:\\i *: y :ho use of the electric 
iii«iiji1«M .\;v ;v..i'x I; > ^ :"/."., :: ;> '.v^njible, it is quickly 
5 \ i ■. ■ ; 1 V x\ w \\\\\\ \ : vx ^^ :" .; : . i.-s. ;i" .: :: :> controlled by a 

••-,' ., : ' xv .; vu ., ' VoT ;:<<' ■.". ,: 5ur?.ner cottage on 

,,v> •',- ' '»;v , w v .\ ',: ,^. xvT% cTiu: .^^^:::o^t where no 

%. •■, : N ,N •» ■< X -v.-.v. I7. S?dT\»m or bath- 

^* ■. ^ . , : ». , „,...■- ^. — ^ i-iruTT.r. days. 
s> . , \ v . •^,- , V ,*i' :^. rlscrric radiator 

^ ■ ^ V .'. V '. v, .X -v.vs.- r.^'i ~»'yici ibe advan- 
•*^ V. ■ ;,\vi. -: T.vc^ are some 

■ -•. x\.'...sr :c ibe benefits 
' ^ A ■ :v r-ji jc rse electiic 
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86. Lastly, but by no means least, the electric radiator has 
a powerful claim for consideration as a means of heating 
because of its immunity from fire risks, and from the danger 
of injury to rugs and carpets, such as are often incurred by 
sparks from an open fire. 

87. When it comes to localized heat there is no method 
which can even be compared with the electric method. The 
heat can be generated just where it is wanted, the rate of 
generation and the quantity of heat being under perfect 
control. Electric cooking offers, perhaps, the widest field 
for localized electric heat. 

88. Instead of sending a goodly proportion of the heat up 
the chimney or into the room, while the remainder does 
what it can to heat the cooking utensil, all the heat is con- 
centrated in the place where it is wanted, leaving the sur- 
rounding atmosphere as cool as though no cooking were 
being done. The fundamental principle of electric cooking 
is that the heat is where it is wanted and nowhere else. 
This, however, is not the only advantage to which electricity 
as a means of cooking can lay claim, and it will perhaps be 
well to tabulate some of the good points. 

1 . No heat is wasted by going up a flue or passing into the 
air around the apparatus. 

2. Directly the heat is no longer needed the current can 
be turned off, and again no waste occurs. 

3. Heat can be obtained at a moment's notice — no 
waiting for a fire to bum up. 

4. The cooking apparatus is portable and can be moved 
from one room to another as is convenient. 

5. Therefore, also, there is no need for stooping, as the 
electric oven can be placed upon the table or at any convenient 
height. 

6. No dirt to accumulate on cooking utensils on account 
of combustion of by-products, and therefore washing up is 
not such a disagreeable process. 

7. The heat can be regulated to a nicety. 

8. Economy in time and fuel. 

9. No bad odors, foul gases, or fumes generated. 

10. No danger of fire or explosion. 

1 1 . No flame to be blown out by the wind, awd wo da.\v?^x ^ 
therefore, from " back draught.'' The breeze e^.w\i^ Vt^^^ 
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admitted to the kitchen in summer, as would be in^Mfldbk 
in case of gasoline fuel. 

S9. In these days, when it is so increasingly difficult to 
obtain good servants, such a list as the above cannot be read 
without great interest. The vagaries of the species *' hd^" 
can be regarded with more indifference by the mistress of the 
home if she knows that she herself is rmdered Independent 
by the possession of that powerful ally, — electxidlj,— 
which does away with the most disagreeable, and dirtiot 
part of housework. 

90. Electric OooUng Apparatus. — As regards the iqwdal 
adaptations of electricity to the woric of cooking, attentioa 
must be drawn to the following: — 

1. The electric coffee percolator is an ornamental as wdl 
as useful adjunct, which can be placed on the taUe^ and 
delicious coffee will make itself therein* 

2. The electric hot plate, which is also for the bieakbit 
table^ to keep a kettle or spedal dishes warm. No rndte 
trouble about keeping a delayed dinner hot. 

3. The electric chafing dish for making litde dainties for 
breakfast or supper without unnecessary exit to the kitchen. 

4. The electric tea kettle, for use at titemoon tea. 

5. The electric grid for making biscuits, griddle cakes, or 
toast. 

6. The electric frying pan. 

7. The electric oven. 

8. The electric egg boiler. 

9. The electric water heater and cereal cooker, 

91. Lack of .variety in the menu should not be complained 
of where electric cooking appliances such as these can be 
used, for all the work involved lies in the preparation of Ae 
ingredients for cooking. The dusty, dirty woik of starting 
a coal fire is rendered unnecessary in the house where ele^ric 
cooking apparatus is installed. Heat is immediately sup- 
plied upon demand, and is regulated by sinq>ly tutritng a 
switch instead of piling on coal, opening and closing dampeis, 
etc. By means of wires which convey the current dizecdf 
beneath the cooking utensil a steady, even heat can be main- 
tained, the switch enabling the cook to vary the dsglM d 
temperature at will. There is no visible evidence of h^— 

no ilame or light, but the warmth caxi\>^ i^X t?^A»d3i!| ^ 
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creasing after the switch is turned on. No complicated 
performance is necessary to obtain electric heat, and a 
servant ought to manage it well enough. Electric wires con- 
necting the cooking utensil with the floor or wall plug are 
quickly and easily placed in position, the switch closed, 
and at once the heating begins. If any mistake should be 
made, such as turning the switch on before the wires are 
connected, no serious mishap will occur, and no danger is 
possible with the low voltages supplied in private houses. 
Of course if the current is turned on beneath an empty 
saucepan or kettle, it will be damaged, as would happen over 
any fire. 

92. Compare this mode of obtaining heat with the old- 
fashioned one of chopping kindlings, fetching in coal, clearing 
out ashes from the grate, cleaning the flues, finding matches, 
laying the fire and waiting for it to bum up, not only waiting 
for it, but waiting on it all day long. Obviously much time 
is saved by the electric method of obtaining heat, and con- 
siderable money is also saved which might have been spent for 
coal and kindlings. 

93. But what advantages has the electric cooker over the 
gas cooker, which, if matches happen to be handy, is also 
quickly lighted up ready for use? It has many. For 
instance, in the gas cooker it will be necessary to watch care- 
fully when the gas is turned low to see that it does not go out. 
A sudden draught may extinguish it, or the burner may 
get stopped up. None of these difficulties exist to be guarded 
against with the electric cooker. Moreover, though gas 
cookers are certainly cleaner than coal ranges, yet they are 
far exceeded by electric cookers in cleanliness. Burning of 
gas results in the formation of carbon which is deposited on 
the bottoms of cooking utensils, making them dirty, and as 
carbon is a non-conductor of heat, utensils so coated lose much 
of their usefulness. With electricity no carbon deposit is 
formed, and all electric cooking utensils remain perfectly 
clean on the outside, thus making less trouble for the 
housewife, as carbon deposit is very difficult to remove. 

94. Another reason why electricity surpasses gas for con- 
venience in cooking is that all apparatus is so eadly portable. 
It can be set up in any room where there is a lamp socket^ ancl 
is espedally adapted to being moved iromoiwiToomVii^TvvjJ^vi^ 
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In a gi= range the coirjponeni pans for broiliiig, frying, bdl- 
i.n?. toasting, and baking are made into one stove, and the 
nr*'j]t h that the whole is too cumbersome to be moved about 
readily. Now this is not the case with the electric cooking 
devices; the hot plate, chafing dish, hot-water heater, frying 
pan, oven, etc., are all indei>endent of one another and can be 
us^;d sqjarately or all together. Therefore it is easy to cany 
them to the room where they are wanted, and the lady of the 
house can preside over the concoction of delicate dishes in 
her dining room instead of being exiled to the kitchen to super- 
intend the op>eration5 of the cook. Even the baneful words 
'' 1 leaves this day month, mum," are listened to with greater 
equanimity if the mistress knows she has at her disposal the 
services of electricity. 

56. One of the special features of cooking by electricity 
is the uniformily of temperature that can be maintained. 
I'he heat is not greater in the oven one day than on another, 
and so with each of the electric cooking appliances. With 
this favorable characteristic the science of cooking by 
electricity can be conducted with mathematical precision. 
The length of time it takes a certain dish to cook once known, 
that dish can be tested as to being sufficiently cooked by 
looking at the clock as readily as by its appearance. 

96. The individual articles manufactured for electric 
cooking certainly cost more than ordinary cookiiig uteiisDs, 
hut there is no necessity for having very many of them. 
With a little management and forethought it is surprising how 
many of the usual array of cooking pots and pans can be 
discarded. Once the electric outfit is purchased, it will need 
renewal only a third as often as the others, owing to its 
careful manufacture and good material. 

97. Descriptions have appeared in magazines and papers 
of ^^cIcTtric homes" where the dining room is fitted with 
electric wires and plugs for electric cooking. The switches 
controlling the plugs are placed just under the edge of the 
tal)lc, where they can be conveniently manipulated, and yet 
iwv (Hit of sight, hidden by the tablecloth. The main wires 
arc taken down in heavy flexible cord to a flush receptacle 
])laciHl in the tloor under the center of the table. 

98. I n one of these electric homes a small side table was 
wired for the same puq)Ose, and aTtaii^<fetaeii\& ^>ic.Vi «& these 
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are very likely to become much more general in the future, as 
the convenience to the mistress of the house to be able to 
prepare the breakfast in the dining room without going into 
the kitchen at all is obvious. Furthermore, the comfort and 
»ase with which a light meal can be prepared at irregular 
bours is a great boon. It is not by any means a necessity 
to have the dining table wired as described above. That is 
ione merely for greater convenience. The wires may be 
:arried to the lighting socket instead, or across the floor to a 
plug in the wall. When the cooking is finished, the wires can 
be entirely removed; they need not, and should not, be left 
connected at either end, since there is no difficulty or delay 
in connecting them up again. The connecting wire has a 
plug at either end, one to be fitted to the chafing dish, or 
whatever appliance is in use, and the other to be fitted to the 
wall plug; it is but half a minute's work to place these in 
position, and the apparatus is ready for use. Cookery in the 
dining room by electricity is rendered practicable because 
of the ease with which the apparatus is set up, the cleanly and 
attractive appearance of all the utensils, and the freedom 
from all smoke or fumes which characterize the use of 
electricity. As the Irish cook said, " When you smell a stove 
that doesn't smell, that's electric." There is no danger of 
electric cooking utensils doing any damage to the polish of 
the dining table, as they are all mounted on legs with non- 
conducting knobs. 

99. Electric plate warmers are convenient and inexpensive 
to operate and are very useful in the pantry. When dinner 
is delayed for any cause, plates and food can be kept warm 
while waiting. 

8LE0TRI0 HEATING AS APPLIED TO COMMERCIAL 

AND OTHER PURPOSES 

100. In the majority of trades heat is required at some 
>tage of the work to a greater or less degree, and electricity 
vill be found a most efficient means of supplying the degree 
)f heat desired, without any delay, fumes, danger, or risk of 
ire. 

101. The electric tailor's goose is fast becomm^ ^^ yccv- 
yortant factor in the manufacture of clotiaiii^. 'ft^ SXs. \isfc 
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the liability to damage by soot is eliminated and the gene 
temperature of the room is not raised. Electric hatte 
irons and laundry flatirona of every description are a gr( 
factor in the improvement^ the amount and quality of I 
work done. In the laundry the rolls as well as the flatirc 
should be heated electrically, for electric heat is alwj 
uniform. Gas-heated laundry machinery can easily 
adapted to electric heating. 

102. Cost of operating electric irons is less than the cost 
coal for laundry stove when used only to heat irons. It h 
been estimated that each worker with ordinary sadiro 
loses one minute out of every ten trying to keep them at t 
right temperature for use. This means over a month in ea 
year. Electric irons maintain their proper heat steadily. 

103. No journeying to and from the stove for h 
irons; no scraping or waxing; quicker, cleaner, and cool 
work than by any other method. The irons are simple 
construction, convenient, durable, and reliable. 

104. Oooking by electricity is to be strongly recommend 
for hotels and restaurants. The electric cooking has alrea 
been dealt with in the remarks on household cooking, aj 
the same rules apply to hotel cooking. It is therefore u 
necessary to go over the ground again. There are soi 
adaptations of electric heating, however, which are of grc 
service in hotels and restaurants, though not need^ 
private residences. 

106. The electric carving table and hot cupboard ha 
been found indispensable m large hotels and restaurants. 

106. The electric dryirg table is especially adapted for u 
by metal workers and printers; also tobacco and chocola 
manufacturers. 

107. To the hairdresser electric heat is serviceable wh( 
shampooing to dry the hair, and for heating curlii 
tongs. 

108. In the dressing rooms of theaters the combini 
curling iron heater and grease paint heater has been foui 
very satisfactory and entirely safe. 

109. The dgar lighter is a small portable article that ca 
be c)[)erated by pressing a button on the side and can I 
attached to a lamp socket. 

JJO. Embossing press heaters, bsLk^ets, tAeftii^ ^ar9«i&^ ^ 
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furnaces for jewelers, manufacturing chemists, assayers, 
workshops, etc., can all be obtained for heating electrically. 

111. Electric pitch kettles are cheaper, safer, and better in 
every way than those heated by other means, as the super- 
heated steam or flame types are more difficult to control, 
and are accompanied by a certain amount of danger, beside 
being in no respect equal in convenience and other advantages 
to the electricsd method. 

112. Electric melting pots are exceedingly useful for melt- 
ing small quantities of solder, babbitt metal, and similar 
alloys which have hitherto required the use of charcoal, gas, 
or gasoline furnaces. Pots heated by gas or gasoline are not 
only dirty and dangerous, but are also difficult to maintain at 
a temperature where the least amount of oxide is formed, 
and yet where the metal is kept in the proper shape for use. 

113. The electric soldering iron also commends itself 
because of its continuously applied heat and the avoidance of 
the trouble called " burning up the tip." 

114. For branding tools copper can be used with electric 
beat and is much superior to iron because it absorbs and 
:onducts heat more evenly and rapidly. The constant tem- 
perature obtained permits of more rapid and accurate work. 

116. In book binderies, piano factories, brush factories, 
jtc, the electric glue pot is of great service. There is no 
risk of fire as with pots heated by gas or gasoline, and the 
slectric glue pot can be safely used among shavings, can be 
put down anywhere, and is not wasteful. With steam and 
^as heated glue pots all the glue that runs over the sides be- 
:omes baked hard so that it has to be thrown away. 

116. Electric sealing wax heaters have proved most effi- 
nent and reliable It is impossible to overheat the wax they 
:ontain, and the saving effected in this way as compared 
«rith those heated by gas is sufficient to warrant their adop- 
ion. 

117. Two other processes for which electric heat is most 
)racticable are the distilling of water and the heating of 
Turkish and other baths. 

118. The electric still is exceedingly simple in construction 
md is therefore unlikely to break down or get out of order. 
iy its use even the dirtiest water may be Trva,de, ^mx^ "accA 
Darkling, free from germs and infecting irvallei. 
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119. For heatiiig various kinds of baths electricity is in- 
valuable. By means of a portable electric hot air cabinet the 
luxury of a Turkish bath can be enjoyed as readily, cheaply, 
and often as by any gas, coal, or oil stove. The sand bath and 
ordinary water bath are heated by means of coils electrically 
heated and immersed in water or sand. 

120. Pyrography is a very popular occupation even when 
gasoline, with its fumes and disagreeable odor, has to be used 
to heat the stylus; but the work will become still more 
fascinating if the electric stylus is used, as it can be kept at 
a uniform heat so that the whole attention of the artist can be 
given to the drawing. The work is both easier and more 
agreeable, while there is no danger of explosion which 
always accompanies the use of gasoline. 

121. Electric welding meets a long-felt want in many 
branches of industrial work, the weld being effected quickly 
and uniformly without risk of overheating, or the consequent 
formation of an excess of scale or a deterioration .of the 
physical proj>erties of the materials welded. 

122. The greatest degree of heat attainable to-day is that 
generated in the electric furnace, and many processes are 
made possible owing to the availabihty of the high tempera- 
tures obtained in this way, at comparatively low cost 
(^alcium carbide and aluminum are two well-known pioducts 
of the electric furnace. It is also being extensively used in 
the manufacture of tool steel. 

123. Electric heat can be more readily and conveniently 
employed for medical purposes, such as cauterizing operations, 
than any other form of heat, because it can be kept under 
perfect control and can be applied without loss of time. 
Electric heat is also of great convenience for sterilizing clini- 
cal thermometers, needles, dentist's lancets, and other surgi- 
cal instruments. There has been a great demand for these in 
hospital work. The electric bronchitis kettle is a valuable 
invention, as is the electric heating pad, which replaces the 
old-fashioned hot water bottle. The dentist will appreciate 
the value of electric heat as applied in the electric muffle 
furnace for fusing mineral bodies and enamels. 

124. These are a few of the methods in which electric 
heat may be used advantageously in practically every place 

0/ bu^ii'ncss. In the modem stress oi corcvpe\!vX\Qii\\Jc\fc ^Oksci^sr 
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ful men are those who keep up with the -times. It is said that 
"a bad workman finds fault with his tools," but it is also 
true that a good workman takes care to provide himself with 
good tools, and electricity is a good tool of which all who 
wish to succeed will be wise to make use. 



ELECTRIC MOTORS 

126. The electric motor transforms electric energy into 
mechanical energy and competes with the gas engine, the 
steam engine, and the water motor. As far as the machine 
itself is concerned, it is more desirable in every way than 
any of its competitors. It is efl&cient, safe, clean, noiseless, 
flexible, and perfectly controllable. The cost of the energy 
is usually higher than that used in the other machines, 
but as a rule the economy of operation is such that a given 
result is obtained for less money with an electric motor 
than with any other kind. 

126. When prospective customers begin talking about 
the energy cost, make sure that their assumptions are correct. 
Their estimates are usually figured thus: the maximum 
power required by the machines to be driven is multiplied 
by the time they are in operation, and this taken as the 
energy required. Of course, it is way too high, since apart 
from the fact that machines are usually over-rated, they 
are rarely operated at full load; the average usually fall- 
ing below 50 or even 30 per cent of full load. If the cost 
of operating the installed equipment is divided by this 
energy figure, an absurdly low cost per unit energy is ob- 
tained; or, if the energy figure is multiplied by the price 
per kilowatt-hour, a correspondingly high figure for central 
station service is obtained; both these results being un- 
favorable to the central station. Too great stress cannot 
be laid on this point when soliciting business from people 
of>erating an isolated plant which shows abnormally low 
costs per imit energy. 
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THE ELECTRIC MOTOR COMPARED WITH TBI 

ISOLATED STEAM PLANT 

127. The first cost of an electric motor equipment is 
very much lower than that of an isolated plant. The cost 
of jjower plant maintenaiice is eliminated, the attendance 
of (;1 Of trie motors being such a small item as scarcely to 
he ( onsidered. 

128. I'he valuable space occupied by the engines and 
boilers can be utilized for business or manufacturing pur- 
])()ses, and thus rendered productive. 

129. The capacity of the isolated plant is fixed, while 
that of the central station is practically unlimited, and 
any increases in business can be immediately taJcen care of. 

130. The reliability of an isolated plant often depends 
on a single engine or boiler, and sometimes on so small 
a thing as a belt or pair of gears, the failure of any one of 
which will hold up the entire plant anywhere from a few 
mi mil OS to several days, during which time the total pro- 
duction is a loss. With electric motors connected to a large 
ciMitral station having all possible provisions for prevention 
of shutdowMis, an occurrence of this kind is practically 
impossible. 

131. In the isolated ]>lant in order to keep down the ex- 
i ( ssiv(^ losses in shafting, gears, and belting, machines must 
lu* located so as to simj^lify the driving gear as much as 
j>tvssiblc. This ])revents machines from being located in 
positions nu)st favorable for economical manufacture. 
With a nu>tor drive the machines can be placed with regard 
\o economy of tinu* and labor in handling the materials, and 
entirely inilependent of the machine drive. 

132. Insurance rates on isolated plants are higher than 
i'n plants where the electric motor connected to a central 
.>tativM\ s<M\ice is uscvl. 

X'X^ In the isolatt\l plant it may be necessary to keep 
v^-.u^ !^^iu V and ens:ine anvl all the shafting running in order 
;v^ .^pv:.\;c a sii\j»Jo nuicluae. With individual motor drive 
o-.\"n \\\.\{ ,\vav>;'.nt ot' cnovcv is paid for which is used in 
.:.\:>: ..M^'.c.l woik. ::\c ctV.civ^ncy of the motor being so 
• <: : .".'r.;; ;.';c IvVvs is '.>;,\v v.v\\'\\ nciVi^s^VAfc- 
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ELECTBIG MOTOR COMPARED WITH THE GAS 
OR GASOLINE ENGINE 

The greatest limitation of the gas engine is that it 
: be appreciably overloaded, and operates econom- 
Dnly at or very near full load. The electric motor is 
for its overload capacity. The load which it can 
^s limited only by the amount of heat which it can 
J, and therefore for short periods of time it can carry 
ve overloads. 

The gas engine as frequently erected is noisy, bnlkyi 
t to continuous vibration, and requires an especially 
'oundation ; while the electric motor is practically 
ss, occupies small space, requires no foundation, can 
ced on the floor, wall, or ceiling, wherever most con- 
t for the work. The gas engine must be started by 
unless compressed air or other external power is 
i; while the electric motor will start with full load 
ply throwing in a switch. 

The mechanism of a gas engine is complicated and 
to repair, the ignition is often uncertain, and without 
lous circulation of water around the cylinder and 
nes inside of the piston, the machine will stop or 
y destroy itself. None of these criticisms apply 
motor; its construction being simplicity itself. 

The proximity of gasoline increases the fire risk, 
e exhaust must be piped out of doors, both of which 
mtages are eliminated with the electric motor. 
Makers of internal combustion engines often guar- 
ery low cost per unit of energy produced. However, 
gures apply only when the engine is operating under 
ivorable conditions as regards load, quality of fuel, 
nent of the mixture, the ignition, etc. When operat- 
ler average conditions with different kind of fuel and 
curate adjustment of the parts, the cost per unit 
may be nearly twice the guaranteed figure. Taking 
o consideration, and also the fact that the first cost 
internal combustion engine is nearly double that of 
trie motor of equal rating, it is seen that even on 
is of cost of energy, the electric molot wi^Afcx o^^x^V 
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.:ir : ii'U-.irns zf^ti Ticri ix.'-incie results than the internal 
: »rx.:iL--. \i iavrne. Li ±e loilomng paragraphs the com- 
:.:.-.s ii :ervFi-a ~:n? ri:ri:iiiie ^nirnt* and the electric motor 
i "— i :ii ::: tut.' :i lerjii. 

U9. ?n BisiE. — r'le '"icor fr^m one pint of gasoline 
v:ll Tiiicer j-j-^ :u.i:ic :eec :r lir explosive. At oidinaiy 
-c!ni:tir:rj.r^. lad viiiri ixz»:sei: :q the air, ga^soline con- 
in- ij-I" r.-'ii :»i .niia.jimiu:ie -.-apor. and a light some 
::i'-:.ii:i :r:m :n<i .i«:uic nav iiriire it chrou^ the medium 
:r iiii -:::i:r L: ifjeaiis :iiiy ipon the proportion of air 
iJiii ' :::j.t is :c ■v^e•::n;^ .r ':ejjnies a burning gas or a de- 
iXT:r.i-t -rrriirsr-i^j . loac:;. ner; ;;xiscs an ever present dan- 
I'-r :r:iTi eoxi;.' jui:i:i*-' ranks, valves, and tubings and from 
"::i: r.:::n:si"fi iircr :i ::ie ixiiaust itself. Gasoline is par- 
":».■:..:";• laaipirnLS viea ist^i :a ±e gravity or coxbureter 
:'-■■-::■::. 1.1 ri:u.::i:ii< \"i\iri iusc :r indammable flyings 
L/': :riioiic. :;!ii ^air.ae :nusc '^e inclosed in a fire^pioof 

14C. r'le jitiuLTii.'n Ticccr is absoiurelv sporkless; the 
±-:-.' rirrinc Tii:i':r .< ^'ricdcally sparkles at all ordinaiy 
i-.;lils. 1.1 :ascs v^'r-j .c is iesirsvi :o ase the direct current 
r.«.' r ;.:«: i:?:r.".nii :-.iuc:<:n is rendered necessanr, the 
r.<.' .r r..: - re :u !" :ic-.i:s<?*i so is :c be dust- and water- 
. ■'. .1 7'rt r-ci :-"rfn vrri^ :[ ::ie motor itself is a negli- 
r.' . .:...:. ir.' vier; i.t ■ r^asonaLSe amount of care is cx- 
:'.■:..•:■: .1 :;u? .nst::.!.:::**!!. T'lis riiarare of the electric 
r.' -• r.^iis ■: ':\i*:\\:j.ry .icat-uod for insmlTadon in kxa- 
. :.. v:!rr-.^ -.::i; :><: :i i j[is.-ii:ii? *nidne would be utterij 
.:•.■..'.!:■■: : vvi : I li .< ; . ■"! c ■.;! . i a:Ti niaL: ie aarare of its hid 

141. 5)138. Odor i»c. — V j:vis jm^rne is preeminently 

: ..: ''. "::»: -•■::;ii:<i' l' icn-ii .i[.vii 'vriich its operation 

'.V':,]r: TiufTurs ii.i • :i: iijfi. ::iey do not always 

■:' .':r': :::«: tlis<; -^''.1 v-lIl' ::ii.\v yjeady decrease 

:.i' • :' :i::-ii." .e :;:i-' -nii'.ii: : :u-;cuc!aa: bacis. pressure.) 

.': .r i.ii: ■■'!';ri::i;i! :i i ^-.ls .'ii;;»rn; also offer unan- 

vr....-: ..".Ti.Tj:!": .? ij:M..:s£ :..s ..><: .1 oc alio OS where cleanli- 

-.;■ V ..*.': .;■•:•: _-r ::i;:>;;i;i!>vi :il'. V'io vi oratory effect of 

^: . •:-.-.::.-.t:- ^jr ^. s:r*i,i.s .•=' .'; -i: ".'.'tics vreciude their use 

i;i.:-.'. ;.r: .n.-::.;i.iii.n.i: . ,:i :m v.j.xIk: mi >i.^i id ground, and the 
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A gas engine, by its nature and construction, is not so 
sightly and clean as an electric motor. On the above 
scores a gas engine affords no arguments for favorable 
comparison with the electric motor. 

1^. The slight noise made by an electric motor is trace- 
able to three principal causes; namely, brush friction, 
magnetic hum, and windage. Windage is a negligible 
quantity at ordinary speeds. Brush noise on a well-cared- 
for commutator is trifling. Magnetic hum in a well-designed 
motor is not appreciable. The electric motor has no valves 
or reciprocating parts to cause vibration. It has no noisy 
exhaust, is absolutely odorless, and its general construction 
is such that the most perfect cleanliness is possible. 

143. Overload Capacity. — A gasoline engine will usually 
carry no more than its rated horsepower output. Conse- 
quently it must in many cases be of such size as to supply 
the maximum call for power. For example, if eight horse- 
power is the average power required in the shop, with an 
occasional demand for 16 horsepower, it would be neces- 
sary to install a i6-horsepower gasoline engine with result- 
ant increase in first cost and decrease in efliciency, when 
carrying the ordinary working load. A gasoline engine, if 
slightly overtaxed, stops, — obviously a serious handicap in 
a shop where continuity of power for labor is necessary to 
sustain the maximum limit of production. 

144. The alternating or the direct current electric motor 
will carry comparatively heavy temporary overloads without 
injury or great diminution in speed. A well-designed direct 
current shunt motor will maintain 25 per cent overload con- 
tinuously and about 50 per cent overload temporarily without 
permanent injury or appreciable drop in speed. There- 
fore, it follows that to fill the normal requirements there 
may be installed an electric motor of such size that fbe 
average load will be carried at high efl&ciency, and sufficient 
margin of power will at the same time be available for oc- 
casional peak loads without increasing the first cost of the 
motor or making necessary its normal operation at partial 
load with resultant drop in efficiency. 

146. Weight and Bulk. — Conservatively stated, a gas 
engine weighs at least 50 per cent more than arv ekct3:vc 
motor of equivalent horsepower and speed. T\\\s» ^\^^x^xtfL^ 
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in weight is more apparent in the larger sizes than in the 
small units herein treated. Gas engines, in addition to the 
large floor space which they occupy, can be set up only 
in an accessible location and mounted upright on a solid 
foundation. Gas engines have a multiplicity of parts for 
repair and attention, out of all proportion to those of the 
electric motor. 

146. The electric motor, due to its simplicity of design, 
few parts, and rigid and compact construction, is much 
lighter and occupies much less space than steam, gas, or 
gasoline engines. The electric motor, owing to its s)rm- 
metrical design and comparatively light weight, may be 
fastened to the floor, wall, or ceiling at will, and in locations 
where the installation of an engine would be impossible. 

147. Starting Characteristics — Speed Variation. — Gas- 
oline engines are not self -starting; hence, a loose pulley or ■. 
clutch device must be used to enable the machine to reach L 
full speed before taking the load. Furthermore, as the fly- L 
wheel has first to be rotated by hand, the engine must always j^. 
be situated so as to be readily accessible, a most undesirable 
feature where limited floor space or other local conditions 
demand the installation of the driving power in an out-of- 
the-way place. 

Gasoline engines are, by the nature of their construction, 
constant speed machines, and this limits their use to group 
drives, and precludes direct connection to variable speed 
machines unless expensive and often cumbersome me- 
chanical speed-changing devices are employed. 

148. The induction motor is the acme of simplicity in 
regard to starting, one switch being all that is necessary to 
put it in motion. Motors of the direct current type require^ 
in addition, only the manipulation of a starting rheostat 
In either case, the operation of starting and bringing up to 
speed is accomplished quickly and without trouble or physical 
exertion. The switch or starting box may be placed without 
regard to the situation of the motor, an argument of weight 
when the motor has to be fastened on wall or ceiling, at 
where it is not easily accessible. Where variation in the 
speed of the driven machine is desired, the direct or alte^ 
nating current motor may, with economy and ease of 

manipulation, fully meet all ordmaTy Tec^xivcerafcxAa. ^ 
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49. Reliability of Operation. — The gas engine is a corn- 
rated collection of springs, valves, and rubbing surfaces, 
subject to the most severe treatment. There must be 
;ts for the air and gas, and an outlet for the exhaust. 
t sparking mechanism is delicate and very apt to get 

of order. The explosive force, on which the engine 
►ends for its operation, is of a violent nature and tends 
rack and soon wear out the mechanism. So far, all 
losive engines are alike. 

L large proportion of gasoUne engines are of the " hit 
I miss " type, and consequently are rather unreliable for 
mag machines where fine speed regulation is demanded. 
a general statement, the straight gas engine gives better 
ed regulation than the gasoline engine. 

50. The electric motor contains no valves, intricate 
eming mechanisms, or reciprocating parts necessitating 
tinual lubrication or repair. The attention required t9 
ire satisfactory operation from the electric motor is 
ctically limited to the occasional filling of two oil wells. 
J simplicity of its parts and the slight possibility of dis- 
mgement of the electric motor make it more nearly 
olutely reliable than any other power. 

61. Repair and Depreciation. — The opportunities for 
akage of gas engines are undesirably excessive as com- 
ed with the electric motor. In water-cooled engines, 
uld the water by any means fail, the apparatus is fre- 
ntly ruined, or, at least, the cylinder so injured as to 
essitate reboring, which is an expensive and time-taking 
ration. 

t is suggestive of anticipated trouble from overheated 
nders when manufacturers advertise that the " cylinders 
made extra heavy to allow for three or four successive 
orings." The point might be made that commutators on 
ict current motors may occasionally require turning oflF, 
lo cylinders reboring; this is true in a sense. Still the 
ration of rounding oflF a commutator is an extremely 
pie and trifling piece of work compared with the time 
I skilled labor needed to accurately rebore an engine 
nder. 

f to the increased first cost of a gas engine ovex ^cc^ ^<^\xv^ 
^or be added the heavy annual depieciatioii, \\i^ cXaasF 
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of low f ud consumptioii are somewhat diaoounted. Man 
important than the cost of labor and material for rquunii 
the often underestimated loss of time due to frequent ani 
annoying shutdowns. For the productum of a shop or 
f actoiy to be maintained at its b^ efficiency, continuitj df 
operation must be assured. 

Injury to cylinders through poor lubrication and traaUt 
with ignition tubes and batteries are fruitful sources of 
troubles with this type of engine. 

162. The life of a good deeferie motor is consc rvativ dy 
estimated at from ten to fifteen years. The renewals dut 
would be needed at the end of such time to put the motor 
in condition equal to new would not represent, cqritaHaBd, 
the equivalent of more than 5 per cent annual depiedatioa 
Due to the absence of reciprocating parts in an electric 
motor and also to the very small number of rubbiiig surfaces 
of the rotating parts, the wear on a well-constructed hhm^himi 
is exceedingly small. Instances may be readily found where 
electric motors have operated for years with practically no 
attention whatsoever. 

163. Cost of InstaUation and Operation. — The instalb- 
tion of a gasoline engine involves heavy foundations, die 
running of pipes between the engine and water or gaaoiiiie 
tank. To this must be added the erection and connection cf 
the tanks, with all their valves and extra parts; in short, 
what is equivalent to a small steam engine installation. 

The consnmption of gasoline per horsepower-hour in en- 
gines from I to 15 hp. varies from a pint to 1.5 pints, depend- 
ing upon the make of engine, number of cylinders, and tlie 
thermal value of the gasoline. It is difficult to obtain rdiaUe 
data as to the expense of operating gas or gasoline enginci 
outside of the actual amount of gas or gasoline consumed 
per horsopowcr-hour. (Note. — In point of economynatord 
gas stands first, then gasoline, illuminating gas, and producer 
gas.) Tliese items are pretty definitely known, yet, as iril 
ho scon from the following extract from a letter written on 
this subject by a user of a gasoline engine, there may eost 
u wide variation between the maker's guarantees and Ae 
nitual performance. *' A la-hp. gasoline engine wis in- 
.vAv//n/. //>e engine company fs^axantedni^ Teifaally dut 
u'if/i /^'nsoline from 10 to la cents ipct igd&oa l3kiftca!|giab^Q^ 
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cost I cent per hour to operate. The engine is at present 
developing only about 7 hp. Figuring on the basis of the 
manufacturer's guarantee and estimating nine hours' work 
per day, gasoline should cost 63 cents per day, or $3.78 per 
week. The proprietor stated that he estimated a weekly 
consumption of 75 gallons of gasoline, the books of the 
factory showing this to be a fair average. Gasoline costs 
14.5 cents per gallon, delivered. Taking into account the 
cost as shown by the preceding statement, the weekly cost 
of energy amounts to $10.87. This shows a wide variation 
between the maker's statement and the actual performance." 
It may be here noted that gasoline engines are very ineflftcient 
when operated at partial loads. 

In many locations, the vapor and odor of gasoline occasions 
loss by deteriorating the manufactured product. 

In most cities water is expensive when supplied from city 
mains, and its charge for cooling purposes is simply a con- 
tinual waste. 

If dry batteries are used for ignition, the cost for these is 
often a very large item. 

164. The electric motor is quickly and cheaply installed, 
requires no stone or brick foundation or any particularly 
fine alignment. If subsequently desired, it may be moved 
from one machine or location to another with the greatest 
ease. The foregoing remarks apply equally to the wiring 
and controlling devices, which are of the simplest 
description. 

When the use of electric energy at a reasonable price is pos- 
sible, the electric motor should compete quite well with gas 
or gasoline under ordinary conditions. However, the cost of 
gas or gasoline, as expressed in gallons per horsepower-hour, 
is an unfair indication of the total expenditure, as the users 
of this class of apparatus as a rule keep account of only the 
quantity of fuel used, disregarding entirely such important 
items as oil, repairs, loss of time in starting, depreciation, 
etc. These items, while of small consequence with the 
electric motor, are of material importance in determining 
the actual cost of operating explosive engines. 

The electric motor provides a margin for occasional heavy 
overloads without necessity of extra initial outlay for a motor 
larger than necessary to handle the average T^c\vivt^TftK^\Si. 
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The electric motor does not in any way damage the 
manufactured product. 

The first cost of the electric motor is much less than the 
cost of the gasoline engine. 

The electric motor occupies less available floor space and 
wastes no time in starting. The cost for oil, attendance, 
and depreciation is much less. The use of electricity de- 
creases fire risk, and consequently reduces insurance rates. 

166. A great deal has been said about the high economy 
of the suction gas engine. The engine itself does not diffa 
materially from the ordinary gas engine except as regards 
the supply of gas. The engine is connected directiy to 
a suction producer, the piston sucking the gas through the 
producer. This is a very neat arrangement and works out 
admirably when the engine is running at or slightly below 
full load. At overload the engine stops, and at loads below 
one half it will stop, because an insufficient amount of gas 
is taken to keep the producer generating. 



THE ELECTRIC MOTOR IN FACTORIES 

166. There is no problem of more vital interest to the 
small manufacturer, repair shop man, or user of light 
machinery than that of obtaining a cheap, reliable, simple, 
and continuous source of energy. This question is often 
the dominating factor in determining the location of a shop 
or manufactory. Nearly everything else is subservient to it. 
There are throughout this country thousands of mechanics 
and manufacturers using light machinery, who are quartered 
in out-of-the-way, low-studded, badly ventilated, and badly 
lighted shops for the reason that it is only in such locations 
that they can find shafting to which they can attach their 
machines and from which they may obtain the necessaiy 1 
energy to operate them at a reasonable cost. 

167. Aside from the prejudicial effects to health and eye- 
sight arising from working in such unhygienic surroundings, 
they are a positive and serious detriment to a man's business 
success. People do not like to enter gloomy, out-of-the-way, 
ill-ventilated, and dirty shops to place their orders or look for 

sucA articles as they may be in search oi. k ^\^^s^xA,^^- 
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lighted and well-ventilated, easily accessible store or factory 
is an absolute necessity to any man desirous of making the 
most of his business. Even if a room be clean, light, and 
well-ventilated at the start, it soon becomes gloomy and dirty 
if energy is supplied to its occupant from the time-honored 
line shaft, with its attendant heavy belts, frictional electricity, 
constant dust, and dropping oil. 

168. With the advent of tiie electric motor the necessity 
for putting up with these conditions is largely eliminated. 
In all of our principal cities and towns there are electric 
stations from which a supply of electric energy may be 
readily obtained for operating motors. These motors may 
be, and often are, directly connected to the machines, thereby 
doing away with belting. Where this is impracticable, the 
shafting and connecting belts may be of the lightest character, 
and then only of the size and number absolutely necessary 
for local requirements. They may be chosen without any 
regard to transmitting energy from room to room or over 
long distances. 

169. There are thousands of well-lighted, well-ventilated, 
easily accessible locations for small shops or factories through- 
out our large cities and towns, which could be rented at 
a low price and which would serve admirably as locations 
for small mechanics and manufacturers, did they possess 
the one vital element — energy supply. 

160. The electric motor enables one to set aside this 
limiting feature entirely, for he may locate his factory or 
shop wherever he desires, and by the use of the small, un- 
obtrusive motor, have at his command a continuous, clean, 
and economical service available in many cases twenty-four 
hours per day. 

Under the old method of energy from a shaft driven by 
a steam engine, a tenant must estimate what his prospective 
wants will be, and then the landlord will make him a rate 
based on the maximum requirements of his work; for, 
as the engine furnishing energy for the building is a strictly 
local institution, there is no other outlet for the energy which 
it furnishes save on the premises, and the landlord, in pro- 
viding for the maximum requirements of all his tenants, 
must charge them accordingly. That is, the landlord must 
have at command at all times power vitluaW^ eo^v' 
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the mixiraum which his teaints will use, and each tenai 
™U5:, iherefore, pay for his propomon whether he uses it ( 

161. W"iih the elecrric siotor deriving its energy fro: 
i rezrral stddon. which supplies perhaps hundreds of cu 
: : =:er5, there is a greit deal of flexibility in the matter < 
; -.-^^rtr. All oi the consumers are never using the maximui 
1: the same time: hence the station is not obliged to maintai 
relinvely s«3 large and expensive a reser\-e, to be paid f( 
pr-: rzt^ by its cusiomers. Electric energy for operatir 
the nr.otor can be supplied through a meter which is a reliabi 
rezis:er of energy consumed, and is as accurate as any piec 
:: apparatus of similar narure can be. When the s\iitc 
g'Z'veming the motor is closed, the energy immediately begiD 
: : r. : tv. but the motor, being an automatic mechanism, take 
energy only in proportion to the amount of work it is doing 
'T.t7^zt, the meter connected with it will record a charg 
^r:T:«jr::onal to the work, acrualiy being done. 

162. As an illnatration. take the case of a circular sz^s 
Or iinanly a mechanic has to pay his landlord for power t 
:he :u!l rating of the saw; say. nve horsepower. If hi 
' j/iinrrsi? is :••- :h rha: he al-ii^ays saws hardwood planks thre 
inhes thick, we will say, and is doing it ten hours per da; 
'. :r.=:ar.:ly. then the charge which he pays is reasonabl 
i' : ■ j=t. hu: i: his business is of such a nature that he onl^ 
^j- .--..! -.naily sa^s such a plank, more often saws half-incl 
'..:.':. mi perhaps for hours has his saw remaining idle 
:-.':.- !n the ca.=e of steam he is paWng a sum largely ii 
K^.^zv- ''A ivhac he ou^ht to oav. If his saw were drivei 
hv i.' e-ectr!': motor, energy- would be charged for at th< 
- ... rite '.n!/ -^ hi!e he ^as coin;^ the hea\"v worii. Whei 
.'.': ■ ^.= doing the light work, the meter would charge uj 
^: :.':.- 7^/ at perhaps on>/ .jne half of one horsepower, and whei 
*.:.': .i. •/ '.v.^: i.:;!!, shs'.lutely nothing would be charged up 

163 Th-; =r;rr.e .irgument in favor of the electric moto: 
<:.;.•..:■■-. ", ':'.\ r.ia=...=:rjs. of machinen.'. lathes, planers, die am 
'^r.:.- :.f 'jT-'^-.r:^. =ex:n2r machines, r^aint mills, buff wheels 
'r.'-r:. ru'.'-.r^.. paper .■ utters?, and the thousand and on< 
''-.:V -.-:.-, t trp-:s of mar.hine.s which are to be found amonj 
t ■'. ■': • : r. 'j : -; = r. a i ! .- h -j p s :: n 'i f ai: to ries . 

2^. I: i.'. '.rmaCftrfai whether the leniiaVvvi^ ^"kjoto^oi 
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the first, second, or third floor, or in the basement; one place 
is just as accessible for the power as another, for wires can 
be run anywhete, and extension shafts, mule pulleys, skew 
belts, and other like power-wasting devices are avoided. 

166. Again, each tenant in a building supplied with steam 
is absolutely dependent, so far as his own energy is con- 
cerned, on the operation of one engine with its attendant 
main shafts and belts. If any of them give out, then every 
tenant must stop work until repairs can be made. In the 
case of motor-driven machinery the problem is entirely 
different. Stations are equipped with duplicate and even 
triplicate machinery, and a combination of circumstances 
is scarcely conceivable, which will deprive the customer of 
energy; in fact, investigation will show that motors driven 
from central stations furnish the most reliable energy 
obtainable. 

166. In the present day of keen competition it is necessary 
for tradespeople to take every advantage possible in pro- 
moting their business. The location of their warerooms or 
factories must be on the path of travel and easily accessible; 
every item of expenditure must be carefully gauged, and 
they must rid themselves of any charges for energy or rent 
which are not absolutely necessary. 

167. In the case of an engine driven building, with a num- 
ber of tenants there located, the landlord must plan, when 
making his schedule of rent, so that each tenant shall pay 
his proportional part of the heavy maintenance for the 
energy-distributing system, including shafting, belting, and 
pulleys, together with a suflftcient additional amount to 
recoup him for energy unrented and rents uncollectible. 

168. It is no unusual thing to find thirty and even fifty 
per cent of the capacity developed by an engine wasted in 
jack and main shafts, heavy belts, mule pulleys, and other 
devices required to distribute the energy over many floors 
and to many tenants of a large building. For the remain- 
ing net energy available for the use of tenants, a propor- 
tionally higher rate must be made to cover these losses. 

169. In the case of an electrically driven building, each 
tenant pays simply for the energy which he consumes; he 
is independent of his landlord so far as being obliged to 
make good the losses of the kind enumeiaV^i ^on^- ^vxA 
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his energy business is transacted independcnlly of the man 
of whom he rents his rooms. 

170. Central stations are, as a rule, veiy moderate in 
their chafes foi connecting motors to their circuits. They 
will run wires any reasonable distance, and will make a 
meter rate which is very attractive. In any event, the buyer 
of electric energy knows to a certainty that he is paying only 
for energy he actually uses from minute to minute, and that 
the size of his energy bill is in his own hands. If he is careful 
to shut down his machinery when it is not in use, he can 
limit his expenses in this regard to the absolute cost of 
energy required while the work is on the machine. Further- 
more, the electric motor can be directly connected to many 
machines without the use of belts, or the shafting and belting 
can be made so light that one pays for practically no un- 
productive energy, and in this alone a very great saving 
can be made over the use of steam power where a great 
many shafts and belts intervene between the prime mover 
and the lathe, saw, or other machine on which the work is 
actually done. 

171. The foregoing remarks In regard to losses of energy 
in engine-driven establishments apply particularly to build- 
ings which have been erected and used for a number of years. 
In such buildings the floor timbers have usually sagged, and 
the shafting has become out of line to an extent which renders 
it pracdcally impossible, without completely recqiiippin^- 
the building, to remove abnormal friction losses. Old 
buildings, furthermore, lose their rigidity, and the floors an; 
constantly changing form due to the moving about of com- 
pleted stock or material in process of manufacture. This 
results in frequent change of shaft alignment and heavy 
friction losses. 

172. Inmanyinstancesenergyisconveyedto machinesin 
a remote part of the building, or even to machines located . 
in a separate building, by systems of shafts and bells or rope 
transmission, which, in themselves, consume far more 
energy continually than is used intermittently by the ma- 
chines which they are intended to drive. The use of electnc 
motors obviates these losses. 

173. Many industries require the use of machinery in the 
preparation o/raw material only asmaW^ailol'ivf^at'MB^ 
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day. The shafting and belting necessary for driving them, 
however, are constantly in operation, and under such cir- 
cumstances the electric drive is particularly desirable. 

174. When energy is supplied to machinery from an 

engine, it is very difficult to ascertain 'whether the machinery 

is working at its best or not, and whether there are any undue 

friction loads developing. If a motor is driving machinery, 

however, it is very easy to determine from time to time the 

amount of power consumed when the machines are running 

light, and if this amount shows a perceptible increase, it 

indicates at once that there is undue friction which can be 

easily located and the necessary remedy applied. This, 

in itself, is a very valuable feature of electric driving, as it 

often discovers, especially in shops running on piece work, 

the abuse of lathes, screw machines, etc., by the piece workers 

having care of them. As lathes, screw machines, saws, 

drills, and, in fact, the greater number of machines ordinarily 

required in a shop, run at comparatively high speeds, less 

belts and pulle)rs are necessary for actuating them when 

driven by motors which have a rather rapid rotation, than 

is necessary when they are driven by shafts which rarely 

revolve more than 240 times a minute. 

175. The flexibility of a motor system is also of the greatest 
advantage. There is hardly a shop where frequent changes 
are not made either by putting in additional machinery, or 
changing the location of the existing machines. When such 
machines are driven by motors, however, it is far easier to 
change the wire circuits supplying them than to change 
a line of shafting with its attendant pulleys and belts. 
Furthermore, in engine-driven shops the entire loca- 
tion and layout of a machine tool plant has to be de- 
pendent upon the relative accessibility to and location of 
the driving shaft. This often results in the necessity of 
arranging the machines most disadvantageously, so far as 
a strict regard to the sequence of operations to be carried on 
is concerned. Motor-driven tools may be located to the 
utmost advantage in relation to the general layout of the 
shop, and without regard to a line shaft. As motors may 
be attached to the waU or ceiling, the belts will be short and 
the pulleys small, causing a material saving m ^oot ^xA 
ceiling space. The practicability of motot dnN\Tk%\^ ^Q»^ 
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v.--:.'! establiihei thi: a great many concerns formerly 
::-: : f'-ry.vn to cls^i"iiL':2.zto\is and imheaithful situations 
ar-: i'i opting elecmc niorors for power purposes, tliereby 
e.'.i'/i'z them to en'oy light, air, and locations easily ac- 

C'jSirr.le to their customers. 

ELECTRIC MOTOR IN THE HOUSEHOLD 

176. When once an electric motor has been installed in 
a T.^jmf:. a great many uses v.'iW be found for it not previously 
ar/.;.: raited. The er.erg}- consumption is comparatively small, 
A h:!*: in addition to the labor saved the convenience is a 
jrrcit item. 

177. For the dri\'ing of various honaehold labor-saving 
devices and conveniences, such as coffee grinders, meat 
rhoT^pers, knife cleaners, boot f>olishers, polishers and 
buffers, icecream freezers, small potato and vegetable peelers, 
small dish washers, and other machines which axe not in 
use ven' long at a time, it is well to arrange the motor in 
a definite position on a table, or on a wall just above a table, 
in a kitchen or anv room where the work is to be done. 

178. Electric light and electric heat do much to facilitate 
the work of the modem house, but there are many house- 
hold duties which these cannot lighten, and here appears 
the need of the electric motor. Electric motors are small, 
( omy>act machines that can easily be moved from one part 
of the house to another. They are not complicated in con- 
struction, difficult to clean, nor liable to get out of order. 
Xo such difficulties have to be reckoned with when motors 
are called upon to do their share of the household drudgery. 
7' hey are easily adjusted for any work required, and con- 
nection with electric circuits is a simple matter. 

179. The uses to which an electric motor can be put in 
the house are numerous. On washday it can be carried 
into the wash house and fixed to the washing machine or 
the mangle. It stands on the floor underneath the machine 
which it is driving and is therefore out of the way. By means 
of a pulley on the motor connected by a leather belt to the 
pulley on the washing machine, the motor operates the 
machine, and the work is done in a very short time at a small 

cost, and without fatigue to the woxViet. 
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180. The same motor will serve for the polisher or buffer. 
'he article to be cleaned is simply held against the rapidly 
jvolving buff and turned about as required, the polishing 
eing done with practically no trouble at all. 

181. Coffee can be ground, meat chopped, shoes shined, 
tid knives polished by using a small motor to drive the 
arious machines. One of the most popular uses of the 
lotor is for running the sewing machine, and one that is 
ecoming deservedly popular is its application to house 
eaning. An entire house can be cleaned and thoroughly 
usted by means of the motor-driven vacuum cleaner, a 
ortable apparatus that sucks up dust and dirt through a 
ozzle attached by a hose to a small pump. 

182. The electric fan must not be overlooked, for it has 
roved itself invaluable, with its cooling breezes in summer 
iid its power of distributing warm air in winter, or ex- 
austing the foul air. 

183. House pumps are daily becoming more necessary 
mng to the inability of existing water works plants to 
laintain a good service under rapidly changing conditions 
lused by growth of towns and increasing height of buildings. 
1 order to make up for low or variable water pressure in 
high or outlying building, such as an apartment house, for 
stance, it is customary to install a small house pump for 
le purpose of raising the pressure; or for filling storage 
nks situated at the top of the building. With electric 
otors it is easy automatically to maintain the head of water 
mstant. The motor is arranged to start when the head 
• water falls below a certain minimum, and to stop when 

has reached a predetermined maximum, thus reducing 
le item of attendance practically to zero. 

184. The electric laundry or washing machine which 
as heretofore been used in public laundries, hotels, hospitals, 
ad other large institutions exclusively, is now coming into 
lore general use. The present low price is bringing it 
ito the household laundry, where it is found to be an 
ivaluable companion to the electric iron which has already 
een installed in many homes. 

186. The ball-bearing type of rotary washer can be 
perated by a one-tenth horsepower electrve tcvo\.ox ^V ^ ^^^'s.x. 
*" about two cents per hour. Now an oi^iiv^tj ^^^>^'2^ 
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consists of from three to five tubfuls of clothes, and with 
an electric washing outfit each tubful needs but from eight 
to ten minutes' work, so that the entire work can be com- 
pleted in from thirty to fifty minutes. By the old method 
a couple of hours at least were consumed. 

186. The electrically driven sewing machine is a great 
boon to its operator, as it relieves the sewer of the wearisome 
and harmful foot movement. The cost of operation is 
almost negligible, as it consumes very little more energy 
than an ordinary incandescent lamp, while the amount of 
work it will accomplish is marvelous. 

187. The sewing machine motor is bringing about a new 
era in factory conditions, as many women can now, by the 
aid of the electric motor, do the work at home. In one small 
city alone about two hundred sewing machine motors have 
been installed. 

188. A little electric grinder, polisher, and buffer is an 
exceedingly useful device in the house, saving a good deal 
of elbow grease, and at the same time making the silver, 
electro-plate, brass, and other bright metal articles, utensils, 
&iid fittings even more resplendent than when polished by 
hand. 

189. An adaptation of the polisher is the shoe cleaner. 
By aid of this machine the time required to polish a pair 
of shoes is very short, and a fine polish is obtained. 



THE ELECTRIC FAN 

190. The question of proper ventilation is one that is 
especially prominent in these days of careful attention to 
hygiene. More and more it is being realized that fresh air 
is one of the most important factors of healthy living. 

191. The following figures show the frequency with 
which the air should be changed in public buildings to insure 
health and comfort: — 

Large public rooms — every 10 to 20 minutes. 
Factories and workshops — every 5 to 20 minutes (ac- 
cording to the work being done). 
Shops, o&ces, halls, and cbuicYies — everj ao tcqj)»X]&« 
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179. To ventilate a public building to this extent without 
giving rise? to complaints from the numerous persons who 
are sensitive to draughts has not in the past been an easy task. 
But the electric fan offers a simple solution of all difficulties 
in the way of ventilation; it can be fixed in any out-of-the- 
way position and controlled from any convenient point; it is 
silent and its simplicity of construction is such that it seldom 
gets out of order; moreover, it does its work at an extremely 
low cost, and it can be switched on or off with the greatest 
ease. The operation is so simple that a child can manage it. 

180. Exhaust fans are now extensively used in factories, 
public buildings, and offices, and also in hotels, restaurants, 
and saloons; in fact by all who wish to attract customers. 
Proprietors of such establishments realize that pure air is 
desirable for the comfort of patrons as well as for their 
health and that of employees. 

194. The initial cost of an electric exhaust fan is lower 
than that of any other apparatus moving an equal amount 
of air. 

196. For use in smaller buildings and in private houses 
there are small table fans which require only one trial to be 
fully appreciated. These can readily be attached to the 
electric lamp circuit. 

196. A small type of fan is also made for fixing to the 
ordinary lamp socket in place of the lamp. 

197. Portable fans are sometimes used in shop windows 
for blowing about streamers of ribbons, flags, or toy balloons, 
thus forming a most effective and eye-catching advertisement. 

198. The small fans are useful in chilly weather as well 
as in hot weather, as they can be placed lx«ide the radiatr>r 
to disseminate the warm air rapidly through the rrK>m. 

199. Storekeepers and especially florists will find the 
small fan very serviceable in the winter months for the pur- 
pose of frustrating the artistic efforts of Jaf:k Vr(fnt uf>on 
their window panes. For beautiful as these may Ix; in 
themselves, they conceal the contents r^f the windows from 
the gaze of passers-by. Therefore the storekeej^rr will 
appreciate the value of an electric fan whir:h, by maintaining 
a constant circulation of air between the window and the 
store, prevents any moisture from settlinf^ an<l <j(m^<:,'dAv\5^ 
upon tbe gfass. 
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ELEOTRIG ENERGT IN MEDIOIVK 

200. The up-to-date doctor's office often IcKiks like an 
electrical testing laboratory. Among his equipmei^t \'ill 
usually be found induction coils of various sises, vibr.itor 
motors, motor drills, motor generator sets, static machines, 
storage batteries, condensers, inductance coils, lamps of 
various descriptions, cauterizers, and other heating tp- 
paratus. 

201. Mechanical and electrical therapy are coming m< re 
and more into use for treating chronic ailments, and the 
results thus far obtained are such as to cause the greatest 
hopes for the future of this kind of treatment to be enter- 
tained. 

202. In this field electricity has no competitor, for the 
science itself is built on electricity. All the solicitor has to 
do is to post himself on the subject of electro-therapy, and 
then keep the physician informed of all the new and im- 
proved apparatus that comes out. 



Q^ 
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SECTION 3 

ILLUMINATING ENGINEERING 

PRINCIPLES 

1. Uluminatixig engmeering is the art of using artificial 
illuminants. The theory of illumination is not new, but the 
profession of illuminating engineer is a comparatively new 
one. The impracticability of fulfilling the requirements of 
proper and economical illumination with oil and gas lamps 
held back the development of the science of illuminating 
engineering, and at first when the electric lamp was installed 
in the place of oil and gas lamps, no attempt was made to 
utilize its possibilities as an ideal illuminant. However, 
as the industry developed, and more and more diflferent types 
of lamps were brought out, competition led those interested 
to resort to the art of illumination to assist them in the fight 
for supremacy. With such an array of lamps of all styles and 
shapes, giving light of various colors, intensities, and degrees 
of brightness, the engineer was forced to take up the study 
of illumination in order to be able to exercise proper intelli- 
gence in the selection and placing of lamps to give a desired 
result. It was then but a step to the establishment of the 
profession of iUuminating engineering. 

2. There are five fundamental quantities with which the 
illuminating engineer has to familiarize himself; namely, 
quantity of light, flux of light, intensity of the source, 
brightness of the source, and illumination of the surface to be 
lighted. 

3. The quantity of light may be compared to the quantity 
of electricity, water, or any other energy-carrying medium. 
It is measured in lumen-hours, which signifies light of unit 
intensity per unit solid angle (one that subtends a square 
centimeter at a distance of one centimeter) per hour. 

4. The flux is the quantity of light per unit time, and is 
measured in lumens; one lumen represents live fLvjcsLlxwcL'^ 
lamp of unit intensity included in a unit so'fiA 2jn^<&, 
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6. Brightness of Various Illuiunants 



Source 


C p. PES SQ. m. 


Norn 


Sun (in zenith) 


600,000 


Necessanly rough estimale 
taking acoonnt ol ab- 
sorption ' 


Sun (30 deg. high) 


500,000 


(( u « 


Sun (on horizon) 


2000 


« it u 


Electric arc 


10,000 to 100,000 


Reaching olten so(v>oo k 
the enter ci a ftty 
powerful azc 


Calcium light 


5000 




Nernst glower 


1000 




Incandescent lamps 


200 to 500 


Dqiending on- effidoi^; 
Some metidlic filamot 










lamps run above zooo 
Including opalescent^ inner 

globe. Very variable 
50 and upwards wben lop- 


Enclosed arc 


75 to 100 


Incandescent mantle 


20 to 30 






plied with gas under 






pressure 


Mercury arc 
Open gas flames 


10 to 13 ' 
4 to 8 • 


Vary widely accordiitt to) 
quality of gas and ofl 


Kerosene lamps 


4to8 . 


used 


Incandescent frosted 


2 to 8. 


Merely a questicm ol den- 


globes 




sity oi shades 


Opal-shaded lamps 


0.5 to 2 


« tt M 


Moore tube 


0.5 to I 


« <* M 



6. The intensily of a source of light is measured in candle 
power, and represents the rate at which luminous energf is 
given off by a source in terms of a standard sonree. There 
are several standards now in use, none of which is perfecd^ 
satisfactory. The hefner, or German standard, is probaUj 
the most reliable. The standards used in practice are in- 
candescent lamps of carefully measured candle power. 
The candle power of a source is not uniform in all directions, 
and therefore it does not mean anything unless the direction 
is stated. There are three wa3rs of rating the candle power 
of a source, according as it is measured in a horizontal plane; 
over the surface of a sphere whose center is at the source; or, 
over the surface of the lower half of the same sphere. The 
first is called ** the mean horizontal candle power," the scc- 
'^tbe mean spherical candle powear ," aaad lYie lilsAxdi ^*' ^Sat. 
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mean hemispherical candle power." The only true measure 

of the light-giving power of a source is, of course, the mean 

spherical candle power. The relation of mean spherical 

,, ^ , . lumens 

candle power to lumens is 

47r 

7. The brightness of a source is measured in candle power 
per unit area of light-emitting surface. It is generally ex- 
pressed in candle-power per square inch. The brightness of 
various well-known sources is given in Table 7. 

8. The illumination of a surface is measured in terms of 
that produced by a standard source at unit distance. It is 
expressed in foot-candles, which unit signifies the illumina- 
tion produced by a standard candle at a distance of one foot. 
It must be noted that this is not the product of candles and 
feet, but that it is always the number of candles at the 
constant distance of one foot. It is, therefore, erroneous and 
misleading to give this unit as candle-feet, as is often done, 
instead of foot-candles. 

9. When the source is concentrated sufficiently to be 
considered as a luminous point, the law of inverse squares 
can be applied to determine the illumination on a given sur- 
face at a given distance from the source ; that is, the illumina- 
tion in foot-candles of a point at a distance of 10 ft. from an 
unshaded incandescent lamp giving 16 c. p. in the direction 
under consideration is 

Candle power 16_ ^ ^^^ foot-candle. 

(Distance)^ 10 X 10 

10. The intensity of a source in candle power and the 
distribution of the intensity is determined with a photometer, 
an instrument by which a given lamp may be compared with 
a standard source. It is beyond the scope of this book to 
take up the principle and operation of the various forms of 
photometers, since adequate treatises on this subject are 
given in several of the illuminating books. 

11. By means of the photometer useful light distribution 
curves may be deduced which are instructive and of great 
value, not only in research work, but also in the practical 
determination of the location and distribution of illuminants. 
The effective illuminating power is best determined by 
actual observation and demonstratioii. ^. svra^^ ^^-a-xs^^ 

85 



Sec. 3, 12-14 ILLUMINATING ENGINEERING 

will illustrate the point. Assume that there are two lamps 
exactly the same in every respect, except that one throws all 
its light upward, whereas the other throws all its light down- 
ward. The two lamps as measured on the photometer, or 
on the basis of mean spherical candle power, would be placed 
on an exactly equal footing. But as a source of effective 
illumination, obviously the lamp which throws most of its 
light in the direction of greatest use is the lamp which has the 
higher practical eflSciency. 

12. Mr. Haydn Harrison, the well-known lamp expert, in 
a paper on practical photometry, remarked that many people 
^^ are still under the impression that the comparatiire value of 
illuminants can be judged by looking at them.*' That is just 
the unfortunate part about it. Although more thoughtful 
people were convinced years ago that this was not the case, 
and therefore devised a photometer, public lighting stands or 
falls by the judgment of the foolish majority. The average 
man always stares right into a burner to appraise its power 
of illumination. He can tell you, at a glance, whether " gas is 
a more powerful light than electricity," or vice versa. 

13. Mr. Harrison maintains that if photometric measure- 
ments are made in situ, with lamp globes on and mantles of 
average age, gas lighting will not be found the serious 
competitor which it is imagined to be. He further states that 
he has had many instances of this kind, in several of which, 
by undertaking to give lamps of equal candle power to that 
found to be the average of the existing ones, the electric 
interests have obtained the public lighting, and carried it 
out to the satisfaction of all parties. 

14. The light emitted by a lamp must go somewhere and 
keep going until it is absorbed. For instance, a single beam of 
light leaves the lamp and travels in a straight line perpendicu- 
lar to the surface from which it was emitted, until it impinges 
against some medium of different density than the air, such 
as the wall of the room. At this point a part of the light is 
absorbed, and the rest is reflected back into the room, where 
it impinges again against something, loses another part, and 
so on until all has been absorbed. Given an empty room with 
plain walls and a source of light in the middle. The amount 
of light necessary to produce a given illumination depends 

entirely upon the character of the waWs. "J^sX. V)t\«L\. ^.tevo>\tiXv& 
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rhich is absorbed must be continually supplied by the 
. If the air absorbed none, and the walls were per- 
flectors, a given amount of light once introduced into 
room would continue to light it forever at the same 
ty, and if the lamp were kept burning, the intensity of 
ht inside the room would increase indefinitely. These 
:al conditions which can never be realized, but they go 
w the meaning of reflecting walls and the importance 
r bearing on the economy of light and, therefore, of 
: energy. The light reflected from a surface in per cent 
total light falling upon that surface is called the reflec- 
>efficient. Table 1 5 gives a list of reflection coeflScients 
may be useful in judging the comparative value of 
3 kinds of walls. 

16. Table of Reflection Coefficients 



Material 


COEFFI- 
aENT 


Material 


Coeffi- 
cient 


i silver 


92 to 93 


Yellow cardboard 


30 


silvered on back 


82 to 88 


Light blue cardboard 


25 


slotting paper 


82 


Brown cardboard 


20 


:artridge paper 


80 


Yellow-painted wall, 




d brass 


70 to 75 


dirtv 


20 


backed with amal- 




Emerald-green paper 


18 




70 


Dark brown paper 


13 


ry foolscap paper 


70 


Vermilion paper 


12 


;-yellow paper 


62 


Bluish green paper 


12 


paper 


50 


Cobalt-blue paper 


12 


wall paper 


40 


Black paper 


5 


•painted wall 


40 


Ultramarine blue paper 


3-5 


•ink paper 


36 


Black velvet 


.4 



The color of light has an important bearing on its 
less for a given purpose. In commercial work where 
have to be compared, as in dry-goods stores, etc., a 
light must be used. The ordinary incandescent gas 
owing to the greenish color of the light it gives, is very 
sed for the purpose of matching and selecting colored 
The incandescent electric lamp is but a little better, 
er its rays the delicate shades of pink, green, and blue 
lily are destroyed. Tantalum and osmium Uxw^^ -ax^ 'jv. 
mprovement, as the light ^ven is ^YvVVet. TV^ ^^x^ 
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lain|> is uiulouhledly the best of alL ibongr snTrrrrrifs 
stilh rih^^ from an excess of violet. This inaj, iiDfw-ever.be 
(()Ui)t( ra( tfil by careful diffusion and ahsor^itiian. i^ £^t 
Ix'iiiv; rctltH trd from surfaces coated with apicmeDiihainasi 
slnui^ sflrctive al)S()r|)tion of violet rays. Goidfai name arcs 
an* almost valuflcss from the color point of liew. as ihej ae 
Unt r'u \\ ill yt'llow rays. 

17. When certain artistic effects are to be bron^jii oat, 
s( nines )<iviiif; otT selective radiation are often dearabic 
I'or instance, the f^reen light from the mercmy Tipv laap, 
whi( h makes humans look as though ther were dead and 
I Mil It lied, itroduces a beautiful effect when used to fi^t 
iolia^^c in greenhouses. 

18. Light containing red gives a sensation of warmth aoid 
malsts people look rosy and soft-skinned; while green, like 
that fiom a Welsbach burner, gives a sensation of coM aoid 
makts lairs look ghastly and sickly. Table 20 may be of 
use in judging the comparative value of various illuminants 
for producing color elTects. 

19. Starting with a white light, any color can beliroqslit 
out by using shades which transmit only the color desired. 
However, shades can only subtract and never add colors. 
I 'or instanie, if a lamp gives no red rays, a red shade will not 
helj) matters; it will simply cut off nearly all the light, leav- 
ing the room in darkness. 

20. Colors of Sources of Light 

S(n-K(K COLOK 

High sun White 

Low sun Orange-red 

Sky light Strongly bluish white 

Electric arc, short .... White 

Electric arc, long .... Blue-white to violet 

Xernst glower White to yellowish white 

Tungsten filament .... Nearly white 

Carbon filament Yellowish white 

Mercury arc Blue-green 

Welsbach mantle .... Greenish white 

(ias flame, ordinary .... Pale orange-yellow 

Kerosene Pale orange-yellow 

Candle Orange-yellow 
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ELECTRIC LAMPS 

13. When a body is heated above the surroundings, it 
iates energy; at first in the form of heat, and later, when 
tain wave lengths are reached, a portion of the radiant 
rgy is in the form of light. Electric energy is easily 
>lied to bodies whose temperature it is desired to raise to a 
nt where they become incandescent and give off light. In 
electric lamp the electric energy is completely transformed 
> heat, a large portion of which is given off as radiant 
rgy. Part of the radiations are visible and constitute 
it; however, a comparatively small proportion of the total 
rgy is given off in this form. . The maximum radiation 
rgy approaches visible radiation more and more as the 
iperature of the radiating body is increased. It is by 
reasing the temperature of the filament that its specific 
sumption in watts per candle power is decreased, and this 
irhy high eflSciency lamps have shorter lives than the less 
zient lamps of the same kind. The maxinium possible 
^iency would be reached at a temperature of about 6800 
;. Cent., which no known solid will endure. As a matter 
[act, the usual temperature at which the filament of an 
andescent lamp is worked lies between 1550 and 1600 
J. Cent. 

t4. All electric lamps may be divided into three funda- 
ntal classes; namely, arc lamps, filament lamps, and 
)or lamps. In the following paragraphs a brief descrip- 
1 of commercial lamps is given under these three heads. 
t6. Arc Lamps. — The electric arc of the open type was 
first electric lamp, and though invented a century ago, 
; been in commercial use for only about thirty years. The 
5St type of arc lamp has attained a high state of perfection, 
i is used in many places as a standard means of lighting. 
: lamps can be used on either alternating-current or direct- 
rent circuits and for a wide variety of purposes, both for 
door and interior lighting. 

16. The arc lamp consists of three essential parts: the 
:trodes, the mechanism which operates the electrodes, and 
: structure in which these parts are mounted. The 
ctrodes are usually made of carbon, althou^Vv \tv ^.otw^ ci\ 
' later types of lamps other materials Via\e beei^ m?»^^. ^vx\' 
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arc is started between the electrodes, and once started, it 
creates a siream of vapor between them; thus providing a 
good conducting path for the electricity which continues to 
flow and maintain the incandescence of the vapor stream. 
The temperature of the arc is the highest at present attain- 
able (3700 deg. Cent.), and the arc furnace is used com- 
mercially for reducing and melting the most refractory sub- 
stances, 

27. Arc lamps may be divided into two general classes: 
open and enclosed. The enclosed type differs from the open 
type by the addition of a small, tightly fitting glass globe 
closely surrounding the carbon tips and forming a chamber 
in which the oxygen is almost instantly exhausted, the globe 
becoming filled with gases, greatly reducing the consump- 
tion of the electrodes. The enclosed arc has the following 
advantages over the open arc : much greater length of flame, 
therefore less interruption of light by the lower carbon; 
more even light distribution; greater steadiness of light, 
longer life of the electrodes; reduces labor and expense 
for lamp trimming; safety from flying sparks; absence of 
carbon dust; and more attractive appearance. 

28. The flaming arc lamp is, in principle of action aod 
mechanism, the same as the ordinary arc lamp, but instead 
of using pure carbon electrodes it employs carbons contain- 
ing calcium salts, producing the golden flame, barium salts, 
producing the silver flame, and strontium salts, producing a 
pink flame. Unlike the ordinary carbon electrode lamps, 
the greater part of the light does not emanate from the in- 
candescent carbon tips, but from the flaming arc itself. 
These lamps are widely used in Europe and are rapidly in- 
creasing in popularity in this country. Their specific con- 
sumption, i.e. the watts per spherical candle power, is from 
one half to one fifth as great as that of the ordinary carbon 
electrode arc lamp, the exact value depending upon the sia 
and color of the lamp. The golden flame lamp has the high- 
est efficiency, the pink nest, and then the silver. These 
lamps are made in two types, — those in which the rod elec- 
trodes are coaxial, and those in wliich they are inclined and 
fed from above. 

29. For purposes of street illuminatioii the highly effi- 
c/entgoldcn light of the calcium catbouVsm^jmetsiiaefiil, 
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but for interior illumination, where color values are impor- 
tant, it is objectionable. tFnder its light white material 
appears to be cream-colored, the shades of yellow are intensi- 
fied, and the color values at the violet end of the spectrum 
are naturally distorted. With the white light flaming car- 
bons, however, most of the colors are very close to the true 
daylight values. 

30. Diffusion of light is somewhat better than in the 
ordinary carbon lamp, since the area from which the iUu- 
mination emanates is increased. 



31. The Relative Cost of Operating Arc Lamps 
(Mr. L. B. Marks, N.E.L.A., 1906) 





Cost of Energy 

4000 HRS. 


Cost of Energy, Carbons, and Trimming 

4000 HRS. 


Station 
Cost IN 
Cents ot 

Pp nT»TTfTWfJ 


One 
encl'd arc 

lamp 
(500 watts) 


One 

flaming 

arc lamp 

(too watts) 


One encl'd 

arc lamp 

(500 watts) 


One flaming arc lamp (100 watts) 


Energy 

PER KW-HR. 


Cost of carbons per trim 




Dollars 


Dollars 


2.7s ct. 


10 ct. 


8ct. 






set. 


2-5 

2 

1.5 

I 


50 
40 

20 


10 
8 
6 

4 


$5260 
42.60 
32.60 
22.60 


S54.71 
52.71 
50.71 
48.71 


$47-41 
45.41 
43.41 
41.41 


$36.46 
34.46 
32.46 
30.46 



32. When considering the use of this type of lamp, the 
following points should be observed : — 

(i) That the flaming carbon arc lamp of commerce pro- 
duces five times the total luminous flux of the enclosed arc 
lamp for the same expenditure of electrical energy in the arc. 

(2) The lamp is well adapted for purposes of illumination 
where a flood of light is desirable in a single unit, as, for 
instance, for advertising purposes. 

(3) The lamp may be used economically in the lighting 
of some large interiors, and in large open spaces, such as 
public squares and wide boulevards, ii iVv^laxo^?* ^x^^-a.^^^ 
MtM caaaidanble height, say 40 or 50 ieel above >i)cve ^wyxv^. 
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(4) The concentration of such a large flux of light in a 
single unit renders the lamp unsuitable for purposes of ordi- 
nary street illumination in the United States. 

(5) The advantage of economical production of light is 
offset by reason of the necessity for frequent trimming with 
expensive carbons. 

(6) The fumes and ash given out by the lamp, the un- 
steadiness of the light, and the objection to frequent trimming 
render it unfit for most cases of interior lighting. 

33. Among the so-called silver flame arc lamps in this 
country the luminous arc or magnetite arc is the one most 
used. It has the same characteristics as the other flame 
lamps inasmuch as the light emanates almost entirely from 
the flame itself and not from the electrodes. It has the 
disadvantage common to all these types of lamps in that the 
fumes are given oflf by the burning electrodes, making the 
lamps unfit for interior illumination. 

34. The electrodes consist of an upper copper plate and a 
lower metal tube containing oxide of iron. The appearance 
of the lamp is clos^y similar to that of all arc lamps. They 
are of the constant current type and especially designed to 
operate with high-tension direct current, rectified by means 
of a mercury vapor tube. A large number of cities and towns 
in the United States have installed them, and owing to the 
small consumption of energy, the simpler construction when 
compared to the old style open type of arc lamp, there is a 
large annual saving in favor of the magnetite lamp. This 
lamp is of the open type, and a comparison between the old 
style open carbon electrode lamp and this lamp shows a very 
much greater economy. In addition to the lesser eflficiency 
the open arc must be trimmed every day, while the magnetite 
arc is only trimmed once in fifteen days. The open arc 
lamps require two carbons a day, and the magnetite arc 
uses one upper electrode and twenty-six lower electrodes 
per year. 

FILAMENT OR INGANDESOENT LAMPS 

36. The incandescent carbon filament lamp was invented 

by Thomas A. Edison in the early days of electricity, to take 

the place of the arc lamp where a snvaW \a.rcv^ v^^s» x^o^vt^^ 
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and for many years only a slight improvement was made 
over the lamps commercially manufactured by Mr. Edison. 
These lamps consist of a carbon filament through which 
electricity is passed until the energy expended in the high 
resistance of the filament causes it to reach the point of in- 
candescence. To prevent its burning itself out the filament 
is enclosed in a vacuum obtained by exhausting the air in a 
hermetically sealed glass globe. 

36 a. Three years ago the graphitized carbon, commonly 
known as the Gem, lamp was introduced. This is virtually 
the treated carbon filament lamp subjected to an additional 
baking process at high temperature, which imparts to it a 
positive temperature coeflficient, usually characteristic of 
metals. This lamp at 1 5 or 20 per cent higher efficiency 
has about the same life as the older carbon filament lamps, 
while possessing the same advantages of convenience, reli- 
ability, and low cost. 

37. Within the last few years there have been brought 
out various improved types of incandescent lamps wherein 
the carbon filament is replaced by other material such as 
tantalum, tungsten, osmium, etc., and many of these lamps 
are now largely manufactured on a sound commercial basis, 
and though they have not yet replaced the carbon filament 
lamp, it seems certain that they will do so in the near future. 
Their development should be watched most closely, both by 
the general public and by solicitors, since as soon as they can 
be had in sufficient quantities and the price reaches a favor- 
able point, their superiority will be very marked. 

38. These lamps, generally speaking, are of higher. effi- 
ciency, higher cost, and somewhat longer life. They give a 
somewhat whiter light, very close to daylight in color. The 
question of employment of these lamps as compared with 
the carbon filament lamps is determined largely by their first 
cost and cost per kilowatt-hour charged by the company. 

39. The carbon filament is usually made from amorphous 
cellulose dissolved in chemicals until it has the consistency 
of thick jelly, which is squirted through a small hole, dried, 
baked in charcoal ovens, treated and placed in vacuum 
bulbs, and tested. 

40. The lamps are most widely used m\.Vv p\^xv ^-as^^ 
pear-shaped bulbs. These are made m a. ^xe^X. n^tv^^-^ ^^ 
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sumed between 0.80 and 0.85; with tantalum lamps and 
other long straight filaments it is about 0.73. 

44. The rated watts per candle of a lamp is its initial spe- 
cific consumption. Sixteen-candle power carbon filament 
lamps are supplied by makers in three regular grades: 3.1, 
3.5, and 4 watts per candle power. Carbon lamps of lower 
H)ecific consumption than 3.1 watts per candle power are 
not to be recommended, because of their short life and in- 
ferior candle-power performance. 

46. In working out the comparison of two different lamps 
to ascertain the cost of light for a certain number of hours, 
tiie following formula will be useful: — 



^=^\~Y"^ 1000 > 



irherein C is the total cost of light used in / hours; c, the 
cost of the lamp per candle power; T, the useful life of the 
jhmp in hours; ^, the initial specific consumption of the 
lamp in watts per candle power; c% the cost of energy per 
Mowatt-hour, and / the candle power. For general esti- 
mating work values of specific consumption, p, can be as- 
sumed as follows: carbon filament, 3 to 4.5 watts per candle 
jjower; tantalum filament, 2.2 to 3 watts per candle power; 
graphitized (often misleadingly called 'metalized') filament, 
a.5 watts per candle power; tungsten filament, 1.25 watts 
L^er candle power; osmium filament, 1.5 watts per candle 
jpower; zirconiimi filament, i watt per candle power. 

46. The useful life of a lamp should be carefully distin- 
I |[[uished from actual life. Useful life means the number of 
l^bours the lamp bums before it drops to 80 per cent of its 
initial candle power, after which its efficiency is generally 
so poor that it should be discarded. Actual life means the 
number of hours the lamp will bum before the filament 
breaks. In general, the average useful life of an incandes- 
cent filament lamp may be taken as 800 hr. It is false 
economy to bum a lamp beyond its useful life. Another 
way to look at the useful life of a lamp is to consider 
it as the number of hours which will make the average 
CMt per candlepower-hour a mimmum. It e^ji Wv^tl \k^ 
ejquessed by the following equation: — 
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V 2000g 



wherein T is the useful life in hours; c, the cost of the lamp 
per initial candle power, and p', the increase in specific con- 
sumption in watts per candle power, which is assumed to be 
uniform; and c\ the cost of electric energy per kilowatt-hour. 
For example, a i6-candle power lamp costing 16 cents, and 
increasing i watt per candle power in specific consumption 
during 500 hours where energy costs 10 cents per kilowatt- 
hour, would have a useful life of 



-4 



2000 XI ,1 

= 316 hr. 



10 X .002 



47. Cheap energy and dear lamps increase the useful 
hours when figured according to this reasoning. 

48. Assuming a useful life of 800 hr. and a good steady 
voltage regulation on the system, the consumption of a lani| 
which will make the total cost of lighting a minimum can be 
determined by the following formula when the price charged 
per kilowatt-hour for energy is known; thus, the cost of 
light for / hours in cents is : — 

C = ^^^ 4- ^ X /> X c^ ^ 
800 1000 

wherein t is the number of hours the light is used; Cy the 
price of the lamp in cents; p, the initial consumption of 
the lamp in watts ; and c' the cost of energy in cents per 
kilowatt-hour. 

49. The Nernst Lamp. — The inventor of this lamp wasDr. 
Walther Nernst, of Gottingen, a well-known German scientist 
who has done much original research in connection with high- 
efficiency lamps. The Nernst lamp was first brought before 
the public in 1898. 

60. The light-emitting element of the Nernst lamp is 
termed a glower. It consists of a porcelain-like thread about 
I inch in length and -^^^ of an inch in diameter, and is com- 
posed of the oxides of certain raie eatlVv^ ?»mcV\ as thorium, | 
cerium, and zirconium, mixed witYv s\i\\.a\A^\AT^^\i^TCL'aXfcTv^. 
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It is remarkable that the composition of the glower is some- 
what similar to the incandescent gas mantle. 

61. The glower possesses many interesting features and 
advantages. The oxides of which it is composed are not 
liable to any further oxidization, and therefore it can be ex- 
posed to the atmosphere when incandescent instead of hav- 
ing to be enclosed in a glass bulb from which all oxygen has 
been extracted. It is also, for the same reason, capable of 
constantly withstanding a much higher temperature than the 
filament of the ordinary incandescent lamp is able to do; thus 
(see 23) the economy of operation is greater. The glowers 
are non-conductors when cold, but become conductors 
when hot ; hence they must be heated by an external source of 
heat before they will conduct the electricity sufl&ciently well 
to maintain themselves at a light-emitting temperature. In 
the earlier lamps the glowers were heated by a match or 
spirit flame until they became hot enough to conduct the 
current. It seems rather strange in these days to hear about 
an electric lamp that had to be lighted with a match. The 
match method was of course too clumsy and inconvenient, 
so an electric heating coil was provided and now forms an 
integral part of all lamps. This necessity for the preliminary 
heating of the glower is perhaps the one disadvantage of the 
Nemst lamp, for the operation takes from 15 to 30 seconds. 
The life of the glowers is about 800 hours and that of the 
heaters about 2500 hours. An automatic cut-out or switch 
is provided in each lamp to cut the heating coil out of use 
when the glower becomes incandescent, and thus energy is 
economized. 

62. A peculiarity of the glower is that as the current trav- 
ersing it is increased, the voltage across its terminals rises, at 
first rapidly and then more and more slowly to a maximum; 
it then drops off with increasing rapidity as the current 
through the glower and the resulting temperature continue 
to increase. Beyond the point of maximum voltage the 
rapid decrease in the resistance of the glower makes the 
current difficult to control without a steadying resistance, as 
such a conductor would quickly develop a short circuit and 
flash out. In the Nernst lamp the required steadjdng or 
ballasting is accomplished by means of a ^ive mie^ rcvoMwXfc^ 

ID a snmU glass tube somewhat resembling a rcvVmaXuxe vsxr 
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candescent lamp. With the aid of this ballast a very steady 
light is sustained. The life of the ballast is a long one, except 
when the voltage of the supply circuit fluctuates greatly. 

63. The standard Nemst lamps are made for circuits d 
voltages var3ring from 200 to 240. The lamps are also made 
for 1 00- to 1 20- volt circuits, but do not operate as well as on the 
above-mentioned pressures. On 100- to 120-volt alternating 
current circuits it is usually preferable to employ the 200-volt 
lamp in conjunction with a small transformer. For success- 
ful operation it is advisable to use only lamps which aie 
properly adjusted for the voltage of the circuit upon which 
they are to be used. 

64. Nemst lamps can be obtained for use on direct 
current or alternating current circuits. In the latter case the 
greater the number of alternations, the longer the life of the 
glower. The power factor of the Nemst lamp is 100 per 
cent. 

55. Power Consumption of Nernst and Arc LAia>s 





Nernst Lamps 


Arc Lamps 


Quantity 


6 
Glower 


4 
Glower 


3 
Glower 


I 
Glower 


a. c. 
Multiple 


d. c 

Multiple 


Volts 

Watts 

Mean spher. c. p.* 

Mean hemispher. 

c. p. 
Watts per mean 

spher. c. p. 
Watts per mean 

hemispher. c. p. 


220 

521 
176.4 

297.2 

2.95 
1.76 


220 

349 
118 

189. 1 

3 

1.84 


220 
263 

77-1 
124.5 

3-4 
2. II 


220 
88 
22.5 

36.3 
3.92 

2.43 


IIO 

417 
140 

167 

3 

2.50 


IIO 

539 
182 

239 

2.96 

2.25 



56. After the arc lamp the Nernst lamp is the best artificial 
light for showing the natural or daylight colors of the ma- 
terials it falls upon. The only deficiency, and this is but a 
trifling one, is that the pure whites are shown with a faint 
yellow tinge, and the blacks sometimes appear slightly rusty. 

' The arc lamps are fitted with opal mnet and deat oMV%\de ^\o\»%,«LTvdl\MftNerMt 
lamps are fitted with sand-blasted globes. 
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The strong blue of the arc is missing, and in its place is found 
a comfortable, rich yellow light which is pleasing to the eye. 
Thus from the color point of view the Nernst lamp is a very 
valuable one, especially in stores where colors have to be 
matched. 

67. The Nernst belongs to the class of high-efl5ciency 
lamps, as the power consumption, compared with the light 
given, is only about half that of the ordinary incandescent 
lamp. 

68. While the Nernst lamp properly belongs in the class 
of incandescent lamps, from the maintenance standpoint it is 
more akin to the arc, owing to its general structure; the 
three main structural parts of the Nernst, viz., the lamp, body 
holder, the globe, being analogous to the corresponding parts 
of the arc lamp. From this point of similarity alone it 
would seem evident that the maintenance of arc and Nernst 
systems is much the same. In the arc system the lamps are 
periodically inspected, globes and shades cleaned, and 
occasional faults and failures of the internal mechanism 
repaired. Likewise, in the Nernst system the requirements 
are the cleaning of the glassware, the replacing of burned-out 
holders, and the removal of an occasional ruptured ballast. 
The extra labor necessary for the subsequent repair 
of the Nernst holders may be counterbalanced by the 
extra time required in the arc system for more frequent in- 
spection tours; the average life of the glowers is about ten 
times that of the carbons. 

69. The work of keeping Nernst lamps in order does not 
necessitate the employment of labor which is more skilled than 
that required for lamp trimming. Any handy man will soon 
learn to do it, especially as the system of trimming is such 
that the actual repairs are not made in the lamp in position, 
but on a removable holder, which is taken to a convenient 
workshop or other center. The actual work of repairing is so 
simple that a boy or girl can soon be trained to do it. 

63. Vapor Lamps. — In the mercury vapor type of lamp 
the light is produced by an electric discharge passing through 
mercury vapor contained in a glass tube. The mercury 
vapor lamp is made for either alternating or direct current 
circuits, both types being similar in appear ane^. TV^Xxi^^'v^ 
made of clear glass with an electrode at eacYv etvd, ^tA cott- 
on 
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tains a small quantity of mercury. The electric curre: 
through the mercury vapor excites it to incandescence ai 
produces light. The lamp is started by establishing 
metalUc circuit through the mercury contained in the tul 
and then breaking the circuit, thus causing an arc whi( 
renders the mercury vapor conducting and allows tl 
electricity to traverse the entire length of the tube. Tl 
lamp is usually built so that the tube can be tilted by meai 
of a chain. This causes a long stream of mercury to conne 
the electrodes, and on releasing the chain the tube sprin 
back, separates the mercury thread, and strikes the arc. 

64. The lamp has a spedfic consumption of only 0.5 wa 
per candle power, and having a very low brightness and 
comparatively large radiating surface, it gives a diffused hg. 
which is remarkable in that it casts practically no shadow 
The mercury vapor lamp would be an idealilluminant were 
not for the total absence of red rays, which renders it usele 
wherever color values are to be preserved, and limits its u: 
to factories, drafting rooms, studios, greenhouses, etc., whe 
color is either immaterial or the green is especially desired. 

68. The Moore Tube is applicable to the lighting of lar| 
areas, where a source of low intrinsic brilliancy and lar| 
intensity is required. It may be used only upon altematir 
current. 

69. The installation in the average room or store consis 
of a continuous glass tube about if inches in diamete 
supported by simple fixtures on the walls or ceiling at aboi 
the height of the picture molding, and therefore somewh; 
above the direct line of vision. These tubes are put togeth( 
on the premises of the buyer, in any shape desired and at ar 
length, varying from 40 to 200 feet. 

70. The necessary apparatus for the Moore vacuum tub 
consists of two parts, the long glass tube and a small termin; 
box securely enclosing both ends of the tube, containing 
potential raising transformer. The lamp is operated froi 
an alternating current circuit, and if a direct current circu 
only is available, a small motor generator set is usually ii 
stalled. 

71. The advantages of this light are claimed to be: — 
I. Its very dose resemblance to dayli^Kt Ccaxbon dio: 

j'de tube); 
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2. The low brightness, resulting in less fatigue tc the 
eye; 

3. Cheap installation ; 

4. Greater economy than the carbon filament lamps ; 

5. The color of the light can be made any tint desired, 
from a close imitation of daylight to the special colors 
required for advertising and other purposes; 

6. Since very little heat is given ofiF by this type of lamp, 
it is claimed to be safer than any other illuminant. 

72. The cost of an installation varies with its location, 
depending upon the shape and length of the tube. The in- 
tensity of the light required, the kind and number of fixtures 
and other local conditions are said to be such that the cost is 
less than that of a first-class incandescent lighting system. 
The cost of operation is considerably less than that of the in- 
candescent lamp system; the exact consumption for a given 
amount depends upon the color desired and also on the 
length of the tube, but a Moore tube installed in the lobby of a 
well-known New York theater shows a consumption of less 
than two watts per candle power for 160 feet of tubing. 



SHADES AND REFLECTORS 

73. Shades and reflectors are quite diflFerent things. 
A shade is intended to add an ornamental appearance to the 
light, shade it from the eye, and at the same time to soften and 
diffuse it. A reflector is intended to direct the major por- 
tion of the light in the direction required. A reflector also 
assists in diffusing the light. 

74. By the aid of carefully selected forms of reflectors 
light can be economized and better results obtained. 

76. The average carbon filament lamp of 16 candle 
power will be found to give its rated candle power in a 
horizontal direction, assuming the lamp to be suspended 
vertically, but only 8 c. p. in a downward direction, and at an 
angle of about 45 degrees the candle power will be about 13. 
Since the maximum illumination is usually required in a 
downward direction for such purposes as store lighting, it is 
very essential that good reflectors be eitvpVo^ed \,o oNCtoatsvfc 
this unfavorable feature of the ordinary \aTcv^, ^^x^ «^- 
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ciiZj 52iA{»d linp ilin*zt3 jj:.i bulbs have been introduced 
■■■'.:':. :>•: ;*:;:•:: :: .i::A:r.ir.^ .i r.:.^re uniform illumination, 
': -: :.■.:;. .:; r.:: 5s. •■:r.*. :; .-..ivi i::-uz.ei much success, probably 

■'■\7.z :: :>;: i-i-': '-.i: y ur:"~;i5<?7? prefer the ordinaxy lamp 
J.-: :..:y *•;":■.■' >:■- r:"..i':'i i: l5. whereas there may bean 
i ^ V -". : - : : : u r. : ; r: ,i: r. : v i r. .-. n e tt f .;■ rzi c-i la mp . 

75 I- :r:'ir :: .i::,i:7. j. :c::er downward illumination 
.'. -.v ".-r."./? Ar: V. •.::".•' >:'.ver:--: or vro\-ided with either a 
-. • .1. ei:erzil or iz»rzil ref«tor. Such de\-ices add 

- i::r!.i''.v :: :':.c :::<: :: ::".e lj.n:y-. which makes the user 
: -.i.r. :: ir. >v- ::i f.:7.*.c "ir.:r j.::er :: should have been 

. :;-■. : ■:. rri.:'i:.i".".v :'r.-: <^r.\c cfe:: can be obtained bv 

-. .:-:■; r-::-;-:: r< •">.;:>. d: r.:: ::rr- az. integral part of 

..-■. By :;:r u?<:- :: yr.yer rc:;:::.:r5 ic to 50 percent 

77 Prlsnadc gla&s shades ir..: i:' : :«s 5u:h as those known 
■ ■ : - ij li Holophane. -.vh^h are ie^iiiinri alcn^r scientific 

.■ ' ir. ir.iir ;.i-''"".:rs 'r.r £..15.5 15 jui >: as 10 lorni a 

- ' .' : -r-.i-. : r.5r::5 •^.r.i:.': rreaj; up ana reairect ine 

^ .* »« ■•• •«■• 
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Steel having concentric corrugations. It is enameled white on 
the reflecting surface, so that it reflects well, and the corru- 
gations serve the purpose of breaking up and diffusing the 
Ught. The opal shade used under the arc should not be too 
dense, or the effect is not so good. 

83. The concentric diffuser is made in the form of an 
inverted cone, having a very obtuse angle at its apex, which 
is towards the arc lamp it is placed above. Where a stronger 
downward Hght is required, another form known as the 
inverted concentric diffuser is employed, which is the reverse 
of the ordinary diffuser, being incHned downwards and thus 
appears more like a big saucer placed upside down above the 
arc lamp. This form of diffuser is more suitable for factory 
lighting, especially when the lamps are hung up rather high, 
to avoid overhead cranes, etc. When such a diffuser is 
employed, light that would otherwise be absorbed by a dark 
ceiling or lost through a glass roof is usefully reflected down- 
wards. 

84. During recent years what is known as the light 
balancing selective diffuser ceiling has been developed 
for the purpose of improving the lighting effects of arc 
lamps. It is really carrying out to a greater extent and in a 
more artistic fashion the principles upon which the con- 
centric diffuser is based. This type of ceihng consists of an 
inverted saucer-shaped ring about 5 or 6 feet across with a 
cone in the center, the whole being constructed of pressed 
sheet steel. The arc lamp with an opal shade is placed at the 
apex, the mechanism of the lamp being concealed within the 
cone. This combination, sometimes called a light-balancing 
cone, brings about an appreciable steadiness in the lighting, 
and compensates for the wandering of the arc (that is, the ten- 
dency of the arc to burn sometimes atone side of the electrodes 
and sometimes at the other, for the electrodes do not always 
bum away regularly). Furthermore, the strong selective 
absorption of violet rays in the reflecting pigment used on the 
ceiling, in conjunction with the steadying of the light, pro- 
duces a quaHty and whiteness equivalent to average daylight. 
By reflecting a good deal of the light which in the usual case 
would spread itself over the ceiling and side walls, the 
efficiency of the light at the level of the coxiivlet^ \tv ^X.o.x^'Si Ss. 

greatiy increased, and allows of more latitude m\)cv^ ^^cvw^<^^^ 
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ilir I.ini|i., whirli in turn permits of a more symmetrical ar- 
I iiijTiiHiil <>l till' lamps and wiring. The lamp is entirely 
linhlt II iniin vii'W. anil the apparent height of the studding is 
• nil .iJci.iMy iru rrasinl over the etlect resulting from hanging 
I III- l.iiii|)-. ill ilu* iiNual manner. 

Hl» Tlu-M* ililTusiT coilinj::s are generally employed in 
t i)ii|iiii« lion wiili sluvt metal ceilings, but are also adaptable 
In wiMMJ i»r plasior ceilings of various designs. 



ELECTRIC LIGHTING 

Mil Ixiiv itwiallaiivni of lamps is a problem in itself and I 
n.|tiii,-. hn own 'iolv.tion. Generally, illumination requires 
I iIiITusihI liifht similar tv> ^iaylisjht, with no sharp shadows, 
n.i .!;''. ioii\'r>i. Artistic illaxninatioii requires color 
. li. Mu ,. .1!'.,! o!":vv'ii!r.os sh.iviows and sharp contrasts are 
lit.i •? '•-' 'v::*v: ,-/: CvTtain viosired effects, which could 

s: t^uTusiHl licht :'\\v be vnnained with a source of low 
? ■• ■ ■. ■• -:■. * ..< \,\\T '..■r.'^s \Vi:h other liajht sources 

• .... . J 

. •. . . .'-v. .■■• : .v.::;:>Nrs r:v.:>: re u^eti. 
:».■« .:■.":■■" "m^ " c-:" yjii in. the past to the 

1m .'■^•'i^ .-; ;'.'.;: -r.inatlcz r'.r-: ;: :."., :r:e liijlit should be on 

. -. . ■ .* - < ■ ■.:' : ; "":*r fa-rr. above. Where 
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• ■;■ ■■. ■■■ :. c'-.c. fir.'.-e 'l^hz shining 
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IS the advantages of convenience, cleanliness, health- 
ss, and economy. These advantages were dealt with 
iction 2 (see index). 

. The central station company should do all in its power 
Lucate its customers to get the best economy possible, 
that means, of course, the best possible results for the 
jy. When installing the system, a little intelligent 
:e on wiring should be sought, and the convenience of 
nstallation will be largely increased. 
. For instance, in the case of a hall lamp it is veryliice 
i able to light it from either downstairs or upstairs, so 
any one coming in when the lamps are off can turn 
L on, go upstairs, and turn them out there, or vice versa. 
n, in a bedroom the switch is usually placed just inside 
loor; many people consider it more comfortable to get 
bed before putting out the light, and for those who pre- 
3 do this an additional switch, known as a " two-way 
:h," which also controls the light, can be placed at the 
of the be4 within easy reach. Such little details cost 
L small extra sum, which is a trifling thing compared with 
:omfort derived. 

. The porch lamp is a very useful addition to the elec- 
Uy lighted home. It assists visitors to find the house 
dark and is a great boon to any one leaving the brightly 
ed house, as it enables them to see their way clearly, 
number of the house should either be painted on the 
) or placed where the light can shine upon it. If there 
piazza to the house, one or two lamps will enable the 
tr to sit out there and read in the summer evenings. 
. Oas chandeliers can readily be converted into electric 
res, and often they can be adapted for both gas and 
ricity. In such cases there is no necessity for purchas- 
ew fixtures. It would be well, however, as these fittings 
to be taken down to be altered, to have them repolished 
relacquered. If electric light only is used, they will 
in bright for years, so that it is worth while to go to the 
ise of repolishing. 

. Many people have in their possession beautiful and 
ic oil lamps which they are naturally unwilling to dis- 
although preferring electric lightiiv^. TVvex^ \s> tvo xvs.- 
y whatever for their parting with t\\e YarapVi \?cve^ ^^^^ 
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closely together with several lamps under one shade, should 
be avoided, as such fittings are the least economical of all, 
wasting quite 50 per cent of the light from the lamps. Lamps 
hanging in a vertical position are more efficient and last 
longer than those placed horizontally or at an angle. Some 
of the newer lamps, which are very efficient, will only light 
properly without becoming damaged in a vertical position, 
so for this reason, also, the lamps should be placed so as to 
hang vertically. New lamps can then be put on the fittings 
whenever desired without the necessity for alterations. 

102. In the case of cellar lamps it is advisable to place a 
pilot lamp outside the cellar door or in some other prominent 
position. A pilot lamp indicates when other lamps con- 
trolled by the same switch are also lighted. People often 
come up from a cellar with hands full, unable to turn the 
switch off at the time, and consequently forget about it; if 
the cellar is not often visited, there is a chance of the lamps 
retnaining lighted for some time; while, on the other hand, if 
a pilot lamp were installed, attention would be drawn at once 
to the fact that the cellar lamps were still Ughted. 

103. In a drawing-room or parlor it is very often useful 
to have a good lamp that can be placed in a convenient posi- 
tion for the benefit of any one who is reading or writing. A 
floor or table lamp will be quite sufficient to furnish light for 
one or two persons, and the expense of burning enough light 
for the whole room will be avoided. 

104. The position of the floor or wall plug for these lamps 
must be chosen with care so that the flexible connecting wires 
shall not trail about the floor. 

106. The lightmg of servants' bedrooms is a debatable 
point, as it encourages reading there and consequent long- 
hour burning. Servants are also apt to learn a Uttle elec- 
trical engineering, just sufficient to change the low for high 
candle-power lamps from other parts of the house. Still, 
the fire risk is greatly reduced if electric light is installed 
in these rooms, and therefore it may be wise to do so on this 
account. In some houses the lamps in the servants' bed- 
rooms are so wired that they can be controlled by a switch in 
the dressing room or similar place, and the consumer can 
extinguish their lamps when he goes to b^d \Cvkv?>^\. ^''^^ 
course, all the lamps in the house can be tvitiie^ o^ ^^. ^^ 
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i!i:iii\ swiii'li on ro::ri:iv: each nij^ht, just as some people do 
w iili j^a^ : I nil as :":'.oro is no lianirerof leakage, with electricity 
Mi» li a ^ii'pin i!u^ o".iv:n^ally lighted house deprives everyone 
in ii oi iho vaUiaMo fo.iiuro of electric light; which is, that 
i( » an l»o ohtainoii i:v.:v.Oviiato!v at anv moment of the davor 
nij'Jit l»y nuMvly closir.c,-. s\\i:»."h. 

lOG. If {\\c main switch is opened each night, there is the 
ohjiMioii i!ki: sor'iio o:*.:^ ::; the house mav turn on a s\ritch, 




Takir.i: oviTyti'.ir.c ir.io v'or.sivioraiion. it is undoubtedly the 

Ih*ni way r.ovor :o o;.vr. :".:o niain s'.vitch except in the case of 

altiTaiior.s or ro:^a:rs. If care is taken to see that no more 

lamps arc usiv. ir. a r.vni thar. are actually required, and 

that 1:10 r.v.:v.':^cr o: '.arv. s barr.ir.fi: a: one time in the whole 

lh»;'.Ni' is ,:. :r.:r.::r. ;::*'. ar.ii a'.so that the lamps are alwavs 

Nwii, !u\: .a: or, '.oavir.c a rvX^m. i: •.^'ili be found that the 

«l. . '.rw : :".". -.v:*.; v\^:r/\-.7e ver\' favorably indeed with gas. 

\\...\\ .. » o:>;::v.or .v^rv.r'.air.s tha: his elecmc light bill is 

/ :«• ". .r'y . : r:a::: :>.;:.: ho is either using cheap lamps, 

: :- : '.> :: J. asi-c ar. extra va^an: amount of light, 

- :•'...:. : : V" hijh. shaair.j his '.am:>5 too much, or 

.: - • ■ r..'. r ./.'. f thise thir.irs together. Under 

'■ .". -. - :: •:■ h:-s: r'.ar. is to take the matter up 

■'. -:..:! r. :r.ar.ac::-r. v.h.^ will be 02.Iv too 

■■"■■•. :.:::• ar.-::-:- r.eeie-i t.-^ c.-rrec: :he faults 

:': Th«* L:;:?;!:;.^ of Factories. — F:r the general fllu- 

- V ' i 

.". '. ■'..". ore .ar:'v> r.ave .r >«r r'-aceu 

■ • . . ...V. .......... .-^ - ' . ^ ___ wO^ i*'C 

■ ^ ^1"*". i.aT aittas^^^. s»r t *" ■,*." t«e 
'•^ Vi -.e -e . 'ciii'.^'? ar# Icw '".■ -.Tti-i aT." la.rr.T* fib.x-i 
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ILLUMINATING ENGINEERING Sec. 3, 109-112 

109. In addition to the arc lighting at least one incan- 
descent lamp should be provided for each machine, prefer- 
ably with a switch holder, protected with a wire cage and 
enameled iron reflector. Incandescent electric lamps aflFord 
the workman a good light that he can place close to his work, 
a light that is unaffected by vibration or drafts, thus in- 
suring the turning out of better work. The atmosphere is 
also more healthy, making the work people more energetic, 
a point that is often overlooked by the owner. 

110. A substantially made flexible cord should be em- 
ployed for the lamps in use on the machines, as they are 
subjected to rough handling at times. It is well to adopt 
some of the adjustable lamp arms now on the market for 
holding lamps in any position, as such devices generally 
secure better results than when the workman is allowed to 
hold the lamp in the required position by twisting the flexible 
cord around any convenient part of the machine or tying 
it where he wants it with string or wire. 

111. The mercury vapor lamps may often be employed to 
advantage for general lighting where the judgment of a 
color is not a matter of great importance, as it gives a very 
soft, restful light that is pleasing to the eye and throws no 
deep shadows on the work. This lamp has been used with 
great satisfaction in drafting offices, and is a very economical 
light so far as energy goes. The only objection to it is that 
red tints lose their natural appearance, the light being defi- 
cient in red rays. In some of the newer lamps, however, 
this is corrected by the addition of an auxiUary lamp rich in 
red rays, or by the use of a red fluorescent reflector behind 
the tube. 

112. During the short winter days or when, owing to un- 
favorable climatic conditions, the sun is not able to be of 
use as regards the making of proper prints, no decrease 
in the usual output of the blue printing department need 
take place, provided an electric blue printing equipment 
has been installed. When suflficient daylight is available it 
may be used as formerly, but upon the failure of the proper 
intensity of the solar rays work need not be halted, for here 
the electric arc lamp may be brought forward to continue 
the business now stopped by the failure oi \.\\g ^>\tv. 'Wvw^^ 
the arc lamp may be used to help out wVvetv VVve 'svrcvXi^eo^sve 

Tr>o 



Sec. 3, ri5-EE7 ZJL ^LIXATZSG EXGIXEERING 

^b-./iTri- r :i =117 :e Dtcifcirf ■^*rZL lor doing the entire 
Tn.z'sL, i?. : r '-r.tr 'IS. -rzytin fz di]ts, bv reason of the tall 
huLii'e^. 'be ru:i 2? *e-.i':o i**~3£iable for use in this con- 
nect:: ."i. \z2lr.. :be -jic :f arc hsip> for printing greatly 
rciuces the lin-e ijii: -eei be 1:??: between the finishing of 
the tracir.ir^ ar.i tie cisipleiiin cf the paint, since the 
Limps cari be thri-wr. :r^ a: iny time and tracings maybe 
rushed to the frames as >>:*r: as dn-. 

116. The Ughtiiig of Stores. — The lighting of stores may 
be divided into two main heads: — 

(a) The general illumination of the interior; 

(h) The lighting of the show window and the exterior. 
Th(? latter is not so much a question of light as it is of light 
aflvcTtising. 

116. In regard to the general mumination of the interior, 
ani|)ic well-diflused light of good color is required, espe- 
( ially in tho.se stores where the purchasers have to match 
colors. Kle( trie light, more than any other artificial illu- 
niinant, can be best adapted to meet the requirements of 
the si orek coper. 

117. A point that should be carefully attended to by the 
c rntrnl station in advising the lay-out of an electric light 
infltallation for a store that has pre\'iously been using gas, 
is to src and also to insist that for the first three months or 
so \hv ^torckiM'por only gets light which is comparable with 
In; li>rnirr ^as illuminalion; this "^ill make him satisfied 
Willi lii<; Mils. Afterwards, when he sees how much better 
Hi'hi.il othrr stores are and \\nshes to increase his own light- 
in.'. '.]x hr is sure to do. ho will appreciate the fact that his 

• )• ' tii, lijihi hills are irivatcr in amount than his former gas 
loll . nni lMiMn<e rle» (riv* onorg}' is an expensive luxury, 
■\ ..HM ini<inloimed people erroneously say and think, but 
1... n, . h. ji nsi?i;; y,^ m\wh more light. A great deal of 
«. mI 1, 1, , : 1m ,»i . mmsimI \o eentral station managers by the 
1 -It ni ,i.n lion M^ recards cost of electric energy, 
I i.\ iiw . ,Mnn] n'niv ot new consumers who, having 
., . I. ■ 111. ii.iinnr \\\\h n lavish hand, getting three or 

»K. h. 'm i1-,\ o re viovi^ilv obtained from gas, are 

. .: . 1 1^ I,, n 1I., X •,!>,; \^-c hills are greater. A little 
I : Ti .'.. .:\:xv\ \vxM'V\ oV\rc\\xv;jAfc this source of 
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ILLUMINATING ENGINEERING Sec. 3, 118-121 

118. No matter what the cost of electric light may be, 
the storekeeper will find it a good investment, and one that 
he is practically compelled to accept, since the patrons of 
electrically lighted stores find that the quality of the stock 
sold there is high, that the goods show to better advantage, 
and that there is no trouble in matching colors. For a better 
quality of light than gas provides, the bills will be about the 
same, and the up-to-date storekeeper finds that it pays to 
spend a little money on electric lighting, as he can make a 
better display, have a fine advertisement, and realizes that 
he is pa)dng not for light alone, but for an indispensable 
convenience. 

119. Electric store-window lighting is fast getting to be 
an unassailable stronghold, almost regardless of the price 
charged for energy, in the competition with gas interests, 
the strongest point of vantage being the possibility of con- 
cealed lighting. 

120. There is a mistake in store-window lighting which is 
frequently made, probably due partly to the ignorance of the 
storekeeper or the wiring contractor, or perhaps both, in 
that the light employed often shines right into the eyes of the 
on-looker, which is not only annoying, but also prevents the 
goods displayed being seen to their best advantage. 

Show-window lighting may be divided into two main classes 
according to the purpose they are mainly intended to serve : 
first, that in which the object is to display the goods, and sec- 
ondly, that in which the object is to draw the attention of 
those passing at a distance to the window. It will be noticed 
in well-lighted stores, that is, well lighted from the illuminat- 
ing engineering point of view, even where a great display of 
light is made outside by the aid of luminous or flame arc 
lamps, that, in addition, the show window itself is taken care 
of by independent concealed lamps, generally placed at the 
borders or tops of the windows, full advantage being taken 
of reflecting mirror and patent systems, such as **Linolite." 
These facts are, of course, well known to electrical engineers, 
the important thing is to keep hammering them into the 
storekeepers. 

121. While great use has been made by the storekeepers 
of outside show-window lamps with the name p^ml^d ci\s.\!w^ 
side facing the street, comparatively \itt\e\vaS)\>eex\.do\vfc\s^ 
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::::£ y^z much more prominenuv 
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rO ENGINEERING Sec. 3, 133-136 

hen these figures work out at a great 
m that many people imagine must be 
gn. The same thing also applies to the 
is far less formidable than ia generally 
iple, if a sign contains 4-c.p. lamps, it 
take up a kilowatt of capacity, and if it 
, it takes approximately eighty to make 
multiply its capacity in kilowatts by the 
Jig which the sign will burn each night, 
unption of energy in kilowatt-hours is 
wing the rate charged for energy, it is 
imber of kilowatt -hours by the rate, and 
Btot signs containing various numbers 



(Average Efiiciencj') 



t-cr. Lahps. Cost res 



iber of hours burning per month, 75 to 

.burning a sign is compared with cost o' 
paper, the comparison will be found lo 
gn, especially as it points out the exact 
ind attracts people to it. 
Pablic Halb uid Oborches. ~ Prior to 
tion of illuminating gas it was the cus- 
ior of buildings with torches, candles, or 
Cy of these illuminanls was TeXniMwA-j ?a 



J 



Sec. 3, 122-124 ILLUMINATING ENGINEERING 

Ihe installation of electric signs proper, that is to say, signs 
which can be read at some little distance. 

122. Since the lighting of electric cdgns for long hours is, 
of course, very profitable to the central station, everything 
possible should be done to encourage it. In wiring the 
stores switches should be so arranged as to be accessible 
from the outside, so that the sign and show-window lamps 
may be turned on and o£F without the necessity of unlocking 
and entering the store. In some towns a night watchman is 
employed by the storekeepers, who, in addition to his other 
duties, switches the light on and off at given hours. As an 
alternative, it may be advisable for the central station to 
arrange to do this work. In the latter event, however, care 
must be taken to keep accurate time, as the merchants will 
naturally object if their lamps are burned beyond the stipu- 
lated period, when they are paying for the energy consumed 
on a meter basis. There are now a number of reliable time 
switches on the market that can be employed for the purpose 
of turning the light on and off. 

123. The time switch consists of two main parts — a 
clock and an electric switch. The clock is so adjusted that 
at any required time it trips a catch which causes the switch 
to close, thus lighting the lamps; after a certain time has 
elapsed it actuates another catch which causes the switch to 
open, thus turning off the light. The time switch takes the 
place of a watchman or care-taker in turning off the light at 
a given time. The work is done exactly on time, avoiding 
waste of energy that occurs when the watchman happens to be 
late, and the loss of advertising value when he is too early. 

124. The cheaper forms of these time switches which 
require winding each day can be obtained for $6 and up- 
ward. A good reliable time switch must necessarily be 
expensive since an accurate clock forms part of the device. 
The more expensive types of time switch can be so arranged 
as to switch on and off daily, or daily except Sundays and 
early closing days, or twice daily at certain hours, say, first 
early in the evening to catch the eye of the home-going crowds 
and later on to arrest the attention of people going to and 
returning from places of amusement. A merchant, when 
persuaded to adopt one of these means of turning his lamps on 
and off, will always bum them longer Yvomt^ >i)D.^cxiM>afc\ia&. 

112 



ILLUMINATING ENGINEERING Sec. 3, 125-129 

to attend to it personally. If a number of the stores use 
long-hour light-advertising in this way, it will not be a great 
while before the remainder follow suit. It should be im- 
pressed on storekeepers that a bright light always attracts 
attention, and, therefore, the lighting of their signs and show 
windows is to be regarded as an advertisement rather than as 
a mere matter of getting sufficient light. 

126. There are many kinds of electric signs; some flash 
out and in, and others seem to be written with an invisible 
hand. Occasionally the inscriptions appear sentence by 
sentence or word by word. Signs in the form of emblems, 
trademarks, flags, eagles, etc., studded with sockets; live 
borders for signs, such as crawling serpents, jumping grass- 
hoppers, or rabbits. But the most popular form of electric 
sign gives a steady illumination with white or colored lamps; 
the letters may be interchangeable so as to alter the reading 
occasionally if desired. 

126. An electric sign should be considered as an advertis- 
ing investment, and if the impression it makes is not a good 
one, the money invested in it is worse than thrown away. Ii 
should lend a distinguishing air of quality to a shop, and it is 
this element which gives it its greatest value. While a sign 
will designate a place of business, and perhaps the nature of 
that business, a large part of its value lies in the impression it 
makes. Hence only the best and most permanent types of 
sign should be adopted, no matter how small they must be to 
meet the price the customer can afltord to pay for it. 

127. Some of the essentials of a good sign are that it should 
be made of the very best materials, carefully put together 
and simple in construction, so that it may be very durable. 
It must be waterproof and have a surface of preferably 
enameled metal that will not fade or lose its color. Mechani- 
cal arrangements for its suspension must be such that it 
is rigidly and safely supported, not only actually but in 
appearance. 

128. Turning from such generalities as the preceding with 
the conviction that electric signs are of great value as advertis- 
ing mediums, it will be well to consider more in detail what 
the actual cost of this electric advertising will be. 

129. The readii^g on a sign should be ma.de as» \m&i ^^ 
possible, and large electric letters sYvouYd \>e. eTM^o^^^% 
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Sec. 3, 130-132 ILLUMINATING ENGINEERING 

spaced well apart. Raised letters are very much more effec- 
tive than flush letters, standing out much more prominently 
both day and night. When signs are placed flat against a 
building, grooved letters should be used, as they show more 
plainly and need fewer lamps. 

130. First of all, what does the sign itself cost? The 
price of an electric sign naturally depends upon the number 
and size of the letters required, and the number of lamps 
necessary to illuminate them. The price for a single letter 
illuminated by the minimum number of lamps required to 
give a good effect, range on an average from $6 to $12 a 
year according to the height of the letters. Table 131 will 
enable the reader to make a fairly accurate calculation as to 
the price for which a satisfactory sign can be obtained. 

131. Cost of Electric Signs ^ 



Height of Letters in 
Inches 


A\'ERAGE Number of Lamps per 
Leitkr 


Price per Letter 


Raised 


Grooved 


Dollars 


10 
12 

14 
16 

18 

20 

24 
30 
36 


6 
8 
8 
10 
10 
10 
12 

14 
16 


4 
6 

6 

8 

8 

8 

10 

10 

12 


6.20 
6.80 
7.00 
7.60 
7.90 
8.20 
9.40 
10.70 
12.80 



132. Signs with flush letters would be about 20 per cent 
less expensive, while any special style of letter, such as the old 
English or pointed block, would be from 2.5 per cent to 20 
per cent higher. The prices indicated in the table do not, of 
course, include extras such as non-electric lettering or special 
ornamentation. Neither do they include the cost of materials 
for hanging the sign, or of wiring for writing or spelling 

' The letters supplied at these prices -wouVd be ol Ibe sXan^sx^ X^okSl ^^^^tsuuie 
of metal on a. lull nietai background, Japan enamded. 
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ILLUMINATING ENGINEERING Sec. 3, 133-136 

flashers. But even then these figures work out at a great 

deal less than the sum that many people imagine must be 

spent for an electric sign. The same thing also applies to the 

cost of operation — it is far less formidable than is generally 

supposed. For example, if a sign contains 4-c.p. lamps, it 

takes fifty lamps to make up a kilowatt of capacity, and it it 

contains 2-c.p. lamps, it takes approximately eighty to make 

up a kilowatt. Now multiply its capacity in kilowatts by the 

number of hours during which the sign will bum each night, 

and the nightly consumption of energy in kilowatt-hours is 

thus obtained. Knowing the rate charged for energy, it is 

easy to multiply the number of kilowatt-hours by the rate, and 

thus get the nightiy cost of signs containing various numbers 

of lamps. 

133. Cost of Operating an Electric Sign per Hour — the 
Rate is 10 ct. per Kilowatt-hour, using 4- or 2-c.p. 
Lamps 

(Average Efficiency) 



NuifBER OP Lamps in 
Sign 


4-c.p. Lamps. Cost per 
Hour 


2-c.p. Lamps. Cost per 
Hour 




Cents 


Cents 


25 


5 


3 


50 


10 


6 


75 


15 


9 


100 


20 


12 


150 


30 


18 


200 


40 


24 



134. Average number of hours burning per month, 75 to 
150 hours. 

136. If the cost of burning a sign is compared with cost of 
advertising in a local paper, the comparison will be found to 
be in favor of the sign, especially as it points out the exact 
position of the store and attracts people to it. 

136. Lighting of Public Halls and Churches. — Prior to 
the general introduction of illuminating gas it was the cus- 
tom to light the interior of buildings with torches, candles, or 
lamps. The brilliancy oi these illuminants ^as> x^V-aXxN^ %<5> 
low that they did not distress the eye, anA. \\\€\t \i>yn^^^ 
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Sec. 3, 137-141 ILLUMINATING ENGINEERING 

was so small that there was but little danger of overstimu- 
lating the eye by glare. Thus, the altars of cathedrals, in full 
view of the assembled congregations, glittered with many 
tapers; but the retinal stimulus was agreeable rather than 
excessive. 

137. When, however, gas became available for lighting 
public halls, and particularly when high-efficiency arc and 
incandescent lamps came into use, the habit, many centuries 
old, of hanging the illuminatiiig sources in full view of an 
audience became a pernicious custom. Although the plan is 
decried by experts, yet it persists even to-day, and people all 
too frequently sit in a public hall trying both to see and not to 
see at the same time. 

138. A loo-c.p. lamp enclosed in a translucent globe a 
foot in diameter will allow the eye to rest upon it without 
fatigue, whereas the same total candle power in a naked 
filament might at short range be painful and even dangerous 
to look at. The ideal test for all lighting is that sufficient il- 
lumination should be provided in all parts of a room for easy 
reading of printed matter, and at the same time every source of 
illumination should be concealed from direct view, like the 
footlights of a theater. When it is not feasible to conceal the 
lamps, they should be enclosed in or covered by diffusing 
globes or reflectors, so that they may be well distributed 
and the intrinsic brilliancy reduced as viewed by the observer. 

139. Undoubtedly the best results in the lighting of laige 
halls are obtained by the means of arc lamps placed above a 
false ceiling made of translucent glass. The color of the 
light produced by arc lamps is the nearest approach to day- 
light made by any artificial light, and the transmission of the 
light through the glass ceiling diffuses it well, obviating the 
objectionable dark shadows often caused by improperly 
placed lamps of such great candle power as the arc. 

140. The method referred to, while being the best that is 
known at present, has the disadvantage that it is the most 
costly, requiring special construction of the hall, which is 
difficult to arrange for in existing buildings, and necessitating 
the consumption of much energy, as the lamps are placed so 
high above the floor. 

i4i. The modem tendency is rather toward the elimina- 
tion of heavy, elaborate electroMeTO^sMcYv^^et^mN^^tt^ 
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ILLUMINATING ENGINEERING Sec. 3, 142-143 

one time, the fact that it is light and not ornament that is 
wanted being more appreciated now. • These heavy fixtures 
often interfered . with the proper distribution of the light. 
The finish of modem fittings is usually an oxidized or 
black surface, as this is not obtrusive and is less trouble to 
keep clean than brass, though in buildings where electric 
light is used exclusively, polished brass work does not require 
one tithe of the attention necessary where open-flame il- 
luminants are used. There is a misconception prevalent that 
it is necessary to support electroliers in churches and other 
public buildings on heavy chains. There is no real need of 
this at all, as a wire cable support is as strong, if not stronger, 
than chains, and very much less obtrusive. The only thing 
that has to be taken into account when considering the advis- 
ability of hanging by chains is whether or not the chains 
should be used as an ornament to harmonize with the 
general decorative scheme. 

142. It is better to avoid the use of arc lamps if it is desir- 
able to economize in light by hanging the lamps comparatively 
low, as it is difficult properly to diffuse light given by such 
powerful sources under such circumstances. In this case it 
is preferable to use glower and metallic filament incandescent 
lamps, enclosing them in suitable globes or shades. Glower 
lamps should not be used alone in a public building without 
a fair number of other types of lamps, as they take from ten 
to twenty seconds to light up. This, in the interests of public 
safety, is too long after the switch has been turned on, for the 
delay would be serious in the case of panic. As the glower 
lamp is very economical in the consumption of energy, and 
gives a high candle power, it is of course very useful, and 
may be employed to advantage in conjunction with other 
lamps, as suggested above. 

143. Owing to the introduction of modem metallic filament 
lamps, with efficiencies very similar to those of arc lamps, it is 
well to arrange the lamp holders of all electroliers and 
brackets so that they will hold the lamps in a downward 
vertical position, as this is the position that will suit all types of 
lamps, permitting the use of any new lamp that may be 
placed on the market subsequent to the wiring of the building. 
Where lamps are grouped together it is adv\s^\AfcVoV^N^'^'^ 

groups arranged to contain even numbers, as tcvaw^ <A\}cv^^^^ 
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Sec. 3, 144-146 ILLUMINATING ENGINEERING 

lamps can only be made for low voltages and will therefore 
have to be used in pairs, each lamp of a pair being in series 
with the other. The alteration required in the wiring of 
a fitting to enable lamps to be used in this way is very slight, 
especially if the fitting is made for an even number of lamps. 
Special attention should be paid to the lighting of the platform 
or stage of a hall, as it is of great advantage to the spectatois 
if they can easily see the speakers and actors. 

144. It is advisable to arrange that each side of the hall 
and the stage should be wired on a separate circuit, so that in 
the case of an accident to one circuit the whole place would 
not then be plunged into darkness. The division of the hall 
into two sections is also an accommodation to the electrical 
supply company, as it enables them to keep up a steady 
pressure. Ample provision should be made for temporary 
connections for additional lighting at both sides of the plat- 
form or stage, as this considerably facilitates the work on the 
occasion of any special shows, and prevents damage to ex- 
isting wiring. Conveniently located wall plugs along the 
sides of the building are of great service at any exhibitions, 
shows, sales, etc., that may be held in the hall. In the rear 
of the hall provision should be made for connecting up 
cinematograph lanterns which are so often exhibited in 
public halls to-day. These lanterns take a good deal of 
current, and therefore should be provided with a substantial 
connecting box with special fuses. 

145. The main switchboards should be placed at the rear 
of the platform in locked cases with glass fronts, so that 
mischievous persons cannot tamper with the switches. In 
case of accident the breaking of the glass would permit of 
immediately getting access to the switches to turn all the 
lamps on. Another switchboard should also be placed at the 
main entrance to control a few lamps only, so that in case of 
need sufficient light could be switched on from that end of the 
hall. 

146. In all public halls, whether lighted by electricity or 
gas, small oil lamps should be placed above the exits for 
safety, not that dependence cannot be placed upon electricity 
or gas, but both come into the building by one pipe or cable, 
and there is always the remote possibility that that pipe or 

cable may be severed by some unioTes^een ^.cddieQX. 
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147. The illaxnination of a large building is not an easy 
matter, and requires more experience than that possessed 
by an architect or wiring contractor, and should therefore 
be put into the hands of a consulting electrical engineer ac- 
customed to deal with illuminating problems, as it is a very 
important matter, not only in regard to the cost of electric 
energy consumed, but in regard to the cost of the installation 
and the quality and distribution of the light furnished. 

148. If the wiring arrangements are properly designed 
and the lamps carefully grouped, the energy consumption 
can be greatly economized, as no more lamps need be turned 
on at a time than are actually required. In churches it is 
common practice to turn out a number of lamps during the 
sermon because they are not then needed and it enables the 
congregation to devote more attention to the preacher, as 
the eye does not wander in a dimly lighted place as easily as 
in a well-lighted one. 



ESTIMATION OF ILLUMINATION 

149. To estimate the illumination required, the follow- 
ing rule was recommended a good many years ago by Sir 
William Preece: **One i6-candle-power lamp eight feet 
above the floor, for every eight feet square or 64 square feet." 
This rule for ordinary incandescent lamps works out to one 
watt per square foot; the color of the ceiling and walls may 
allow this to be reduced to half a watt, or may necessitate 
an increase to more than two watts per square foot. From 
this it will be gathered that no hard-and-fast rules can be 
given. Another method sometimes adopted is to allow 
twenty candle power for every hundred square feet of floor 
space, the lamps being hung about 7.5 feet from the floor. 
Table 150 will give an approximate idea of the number of 
watts per square foot adopted in general practice for good 
lighting by arc and Nernst lamps. 

For incandescent lamps the table is approximately true 
if the values are^ multiplied by two. The number of lamps 
required for any given service equals the factor found in 
Table 160 multiplied by the area in square ieeX. ^xA ^vrA^^ 
by the watts consumption of the lamp. 
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150. Watts per Square Foot for Lighting with Nernst and 
Enclosed Arc Lami's. Power based on Terminai. Watts 





AVERAOE 


Max. axd Mk. 


Location 


Watts Per 


Watts vzz 




Sq. Ft. 


Sq.ft. 


Machine Shops (high rrn^fs; no belts; 






i.e. electric -driven machinery) 


°-75 


0.5 to I 


\[at:hine Shops ^ow rtx>fs; belts and 






other obstructions) 


I 


0.75 to 1.25 


Hardware and Shoe Stores 


0-7S 


0.5 to I 


Department Stores handling light ma- 






terials and bric-a-brac 


I 


0.75 to 1.25 


Department Stores handling colored 






materials 


1.25 


I to 1.50 


Mill Lighting, plain white goods 


1. 10 


0.90 to 1.30 


Mill Lighting, colored goods and high 






looms 


r.30 


i.ro to 1.50 


Gcnt^ral Office Work 


1-50 


1.25 to 1.75 


Drafting R(X)ms 


1-75 


1.50 to 2.50 


House Lighting: 






Reception Rf)oms 


0.8 


0.5 to I 


Dining Rooms 


0.6 


0.4 to 0.8 


Bedrooms 


0-3 


0.2 to 0.5 


Churches and Lecture Halls 


I 


0.8 to 1.2 



151. While the method of expressing the intensity of 
illumination in watts per square foot of floor area is a 
good one when dealing with lamps of high candle power, 
it may be more conveniently given in candle power per 
square foot for incandescent lighting. 

A fairly safe rule for private house lighting is to allow two 
and a half 8-c.p. lamps (20-c.p. in all) for every 100 square 
feet of floor space when the lamps are suspended not more 
than 7 feet 6 inches from the floor. Bedrooms and less 
im[)ortant rooms do not need such good illumination, one 
i6-c:.f). or one 20-c.p. lamp usually being suflScient ; 3- and 
5-c.y). lamps will serve for lavatories, passages, and cup- 
i)oar(i.s. As the bases of the lamps are all of the standard 
size, the lamps can be changed if necessary for those of 
]fir^rcr or smaller candle power. Table 162, due to Gra- 
w/nkcl and Strecker, is calculated on>L\ve\^\X.«\k^\&. 
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ILLUMINATING ENGINEERING Sec. 3, 152-153 
152. Illumination for Different Classes of Service 



Service 


C.P. PER Sq. Ft. 


Dwelling House: 




Reception Rooms 


0.3 to 0.4 


Dining Rooms 


0.25 to 0.3 


Bedrooms 


0.12 to 0.17 


Passages, etc. 


0.1 to 0.16 


Offices: 




Principal Rooms 


0.4 to 0.5 


Less Important Rooms 


0.16 to 0.2 


Private Offices 


0.125 to 0.25 


Business Premises: 




Stores and Showrooms 


0.3 to 0.6 


Ofl&ce and Storerooms 


0.16 to 0.2 


Store Windows 


I to 2 i6-c.p. lamps per foot 


Hotels: 


width 


Banqueting Rooms 


0.75 to I.I 


Public Rooms 


0.4 to 0.6 


Best Bedrooms 


0.25 to 0.3 


Ordinary Bedrooms 


0.16 to 0.25 


Passages, etc. 


0.08 to 0.12 


Kitchens, etc. 


0.1 to 0.16 


Factories : 




For General Lighting 


0.25 to 0.3 


For Each Machine 


at least i i6-c.p. lamp 



163. The only proper way to estimate illumination k on 
the basis of foot-caodles required for a given result. If the 
foot-candles required for a given class of service are known, 
lamps can be installed in such a manner as to give the de- 
sired result. lA a calculation of this kind there are so many 
Variables tha^o fixed rule can be given. The same result 
may be obtwned with various numbers of lamps of various 
candlepowers by changing the grouping, utilizing diffusers, 
l^flectors, and wall surfaces. Having a lamp of known 
candlepower and distribution, the illumination of any point 
at a known distance caii be calculated by the rule given in 9. 
Values of illumination for different kinds of service sanc- 
tioned by good practice are given in Table 166. 
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ILLUMINATING ENGINEERING Sec. 3, 155, 156 



Required Illumination for Various Classes of Service 



Service 


Foot- 


Service 


Foot- 




candles 




candles 


jmbly Rooms 


0.5 to 1.5 


Postal Service 


2 to 4 


litoriums, general 


I to 3 


Public Spaces 


0.5 to 1.5 


Rooms 


2 to 3 


Reading, clear print 


I to 1.5 


kkeeping 


3 to 5 


Reading, newspaper 


2 to 2.5 


iFches, general 


3 to 4 


Residences, general 


I to 2 


ridors 


0.5 to 1.5 


Stores, clothing 


4 to 7 


ks 


2 to 5 


Stores, display of dark 




fting 


5 to 10 


goods 


5 to 10 


;ravmg 


5 to 10 


Stores, general 


2 to 5 


rary, general 


I to 2 


Theaters, general 


I to 3 


rary reading table 


3 to 4 







156. Illumination with Mercury Vapor Lamps 



Service 


Length of 

Tube 
IN Inches 


Candle- 
power* 


Elevation 
IN Feet 


Floor Area 
PER Lamp 
IN Sq. Ft. 


ndry 


21 


300 


10 to 15 


800 to 1000 


ndry 


45 


700 


20 to 25 


2000 to 2500 


:hine Shop 


21 


300 


10 to 15 


375 to 600 


:ting Work 


45 


700 


20 to 30 


1000 to 1500 


fting 


21 


300 


15 


150 to 250 


fting 


45 


700 


20 


250 to 500 


eral Office 


21 


300 


10 to 15 


300 to 500 


eral Office 


45 


700 


20 to 25 


500 to 1000 


gh Work 


21 


300 


10 to 15 


1000 to 1200 


gh Work 


45 


700 


20 to 25 


2500 to 3000 



I Mean hemispherical with reflectors. 
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Sec. 3, 1ST-158 ILLUMINATING EXGIXEERIXG 



157. APTRoyrtfATS EQx:v:.\LZ2in: TizjrxnfxnsG Power op Vasi- 

:u3 Kinds of Lamps 



N'sxNsr 



AsiC 



ISCUnSESCZST 



Gas 



C-r.e. :-r-«"-^er ii <>ie 75 amp. TTrencj i6-c-p. 

A- C. 

Or.e j.-*z:ijvrer «>ie 6-arnp. TTnrteai 16-c-p. 
:'^ Tins M-jit- - Eac. 

A. C. 



C»r.e : -flower 



Nine and one : One 4-buinff 
half i6-c.p. i gas arc 



Six i6-c.p. 
Three i6-c.p. 



One single man- 
tle burner 



k 



l^r 



,.t 



t.: 



r.c 



l: 



n: 



158- HOUHS OF LiGHTISG 





Piaroo OF THE 'i E.%x vumntG which 


Total Numbb 
OF Houss or 
Lighting 
PER Ankum 


H:Las or LiuHtlng 


LlJHT B KTQUTKZD AT THESE 

Hons 


6 A. if. till dav'i^h: 




215 


D-sk till > P.M. 


O.-t- 33 to Jan. 18 


50 


Du^k till 6 P.M. 


Ser:. 21 to March 9 


222 


Dufk till 6.;c P.M. 


S^it. 4 to April 7 


33^ 


Du.-vk till 7 P.M. 


Aug. 15 to May 6 


550 


Y)i^k till 7.50 P.M. 


Tulv 14 to June 11 


720 


Du^k till S P.M. 


.\11 the vear 


755 


Du^k till S.;c p.m. 


All the vear 


900 


D M-k till 9 P.M. 


All the vear 


1090 


D:-k till 10 P.M. 


All the vear 


1455 


I;\:^k ti-i II P.M. 


.\11 the vear 


1820 


I; j^k till midnicht 


All the vear 


2185 


[Ju-k till 2.15 A.M. 


All the year 

• 


3000 



f -iif'^.t hours a day for 300 days amounts to 2400 hours per annum. ] 
\,'.-:^: hours a dav for 300 days amoutvls vo ^^ooVcaw^^x ^xsx^um. | 
7^,-: f-jours a day for 300 days amoutvv to 3000 \vo\3Lr& "^x ^xavM\si. 
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ILLUMINATING ENGINEERING Sec. 3, 159-161 

yesLT less 52 Sundays and 13 holidays, say 300 days, amounts to 

500 hours per annum. 

^ear less 52 Sundays, say 313 days, amounts to 7512 hours per 

mum. 

year of 365 days amounts to 8760 hours per annum. 



COST OF ELECTRIC UOHTINO 

9. Like a great many other things, this very largely 
nds upon the tastes and requirements of the house- 
er. If his house is already equipped with gas through- 
it may be wiser only to equip the living rooms with elec- 
y at first, as then the initial outlay will not be so great, 
it the same time will prove a very good investment owing 
le saving of decorations and in cleaning. In this way 
Y of the advantages of electric lighting can be enjoyed 
Dut much expenditure. In addition to the comfort it 
;, it adds zest to the entertainment of visitors, who ap- 
ste the cheeriness of this up-to-date illuminant. There 
) doubt but that, after experiencing the comfort and 
enience of electric lighting in the living rooms, its use 
be extended to other parts of the house. 



HE COST OF INSTALLINO ELECTRIC LIGHT 

0. In stores it is usually cheaper pro rata than in resi- 
es, as the runs are generally shorter and the grouping 
e lamps closer. In wiring for the larger lamps the item 
bor is about the same, the only increase in cost being 
of the cables. In modern systems of lighting electro- 
are dispensed with, thus cutting out an item which in 
e wiring often amounts to a considerable sum. The 
method of wiring stores is by the conduit system, which 
jctrically continuous, and is the best way of protecting 
mres from damage. 

1. In making estimates on house wiring it is customary, 
le purpose of comparison, to reduce the cost to a basis 
much per outlet, each outlet supplying a lamp or group 
nps. The term includes wall plug outlets ^.Tvd sorKveJCvcwes. 
ontrolling switch outlets. Table 1^2 ^Nes. ^tl V'^^'e^^ ^^ 
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Sec. 3, 162-165 ILLUMINATING ENGINEERING 

the cost per outlet for different systems of wiring, 
figures are useful rather as a means of comparing one 
with another than as actual costs, for the cost of 
and labor varies in different parts of the countiy. 

1112. Cost op House Wxrino 

Approrimate cost per outkt, sin^e lamp wiring, inside building 
(Baled on a table prepared bf C. L. Falconar) 





Maikbial 


Labok 


^-1 

Tod 


Iron gas pipe 


•s-aS 


•3-15 


^ 


Scre)^ solid drawn tubing 


3-40 


2.50 


s4 


Armored cables 


a.35 


2 


4i 


Ordinary screw socket joint conduit 


a.os 


a.os 


4J 


Painted wood casing 


z^ 


1.46 


3^ 


Ordinary steel tubing with plain sockets 


1-74 


1.46 


3J 


Ordinary wood casing 


1.64 


1.46 


3-1 


Insulators 


1.58 


1.29 


aJ 


Lead-covered wires (clipi)ed direct) 


i^ 


Z.IO 


aj 


Insulators (cleat type) 


1-34 


.96 


a^ 



163. The cost of eneigy to be used in a given installatic 
depends upon the consumption of the lamps and the hoi 
they are burned. It the total watt consumption of an inst 
lation is multiplied by the average number of hours 
entire system is used per year, the total kilowatt-hours 
be the result. 

164. A careful study of the practice in many cities 
towns shows that the average number of hoan each lampi 
burned per year is 280 in residences and 636 in stores; 
in out-of-the-way places, such as attics, cellars, etc., are 
included. These average figures cannot be used for 
thing but the roughest kinds of estimates. 

165. A kilowatt-hour of electric energy will keep 
for one hoiu*: 



6-c.p. ordinary incandescent lamps 
i6-c.p. ordinary incandescent lamps 
25-c.p. tantalum incandescent lamps 
30-c.p. osmium incandescent lamps 
50-c.p. osmium mc&ndc!9Cfixi\. Vnod^^ 



40 
20 

30 

45 

30 . _ 

22 feet of linotite 
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ILLUMINATING ENGINEERING Sec. 3, 165 

12 50-c.p. single-glower Nernst lamps 

6 loo-c.p. two-glower Nernst lamps 

4 1 50-c.p. three-glower Nernst lamps 

3 2oo-c.p. four-glower Nernst lamps 

4 i6o-c.p. miniature colored arc lamps 

2 looo-c.p. ordinary open type arc lamps 

2 730-c.p. enclosed arc lamps 

2 1700-c.p. 8-amp. golden or silver fiame arc lamps 
1.75 2400-c.p. lo-amp. golden or silver flame arc lamps 
1.39 2500-c.p. i2-amp. golden or silver flame arc lamps 
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HEATING ENGINEERING 



SECTION 4 

HEATING ENGINEERING 

PRINCIPLES 

1. All forms of energy can be completely transformed into 
heat energy, but when the process is reversed and it is 
attempted to transform heat energy into any other kind, 
considerable losses always occur. Electric energy is a 
secondary form of energy; that is, it does not occur in nature, 
but must be produced from some primary source, such as 
coal or water under pressure; and, therefore, the cost of 
heat from electric energy must always be greater than 
that obtained directly from a primary source, and without 
kss. 

2. At first it might seem that, because of these fundamental 
disadvantagee, electric energy would be too costly a means of 
producing heat for commercial purposes. However, it is one 
thing to produce the heat, and another thing to utilize it. 
Although a given amount of energy in coal can be trans- 
fomied into an exacdy equivalent amount of heat energy, 
only a part of this heat energy can be utilized, the rest being 
dissipated without serving any useful purpose. For instance, 
in steam boilers from 25 to 50 per cent of the heat is carried 
up the chimney or lost by radiation when under normal 
running conditions; and when the fires are banked waiting 
for peak load to come on, practically all the heat is a loss. 
It is in the utilization of the heat that electric energy is su- 
perior to all other forms. With electric energy, heat can be 
produced instantaneously in any desired amount and applied 
just where it is needed, almost without loss of any kind. 

3. It is misleading and unfair to compare electric heat with 
beat from other sources, unless the efficiency of utiliz&tioiLl^ 
propeiiy taken into account. When opexadiv^ ccm^\>a.oxv^ 
«n? assumed Just as they actually are, electric eiiec^ ^^^ 
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Sec. 4, 4-^ HEATING ENGINEERING 

often turn out to be more economical than other fo 
heating. For example, take an electric flatiron : it 
nomical of the heat, and, therefore, does not heat the ro 
tire the operator; it is always at the right temperati 
need not be exchanged for a new one, thus saving 
the work itself and entirely eliminating the trotting 
from the stove; therefore when the cost of ironing a 
amount of clothes is taken as a measure of the ec 
instead of the price of the energy, it may well be that 
heat will be found to be the cheapest. 

4. Electric heat is produced by passing electricity 1 
a resistor, and the rate at which heat is produced is 
proportional to the product of the resistance in ohm! 
resistor and the square of the current in amperes, 
only moderate temperatures are to be attained, the 
element usually consists of a resistor alloy in the foi 
long thin wire, a flat ribbon, or a thin sheet througl: 
electricity is made to pass. The rate at which the 
produced is a fundamental relation and can be ace 
determined from the resistance and the current, as de 
above, entirely independent of what the design may 1 
the temperature depends on the radiation and condu^ 
heat away from the heated body. If the thermal ref 
of the substance between the heating element and the 
to which the heat must be transmitted is high, the te 
ture of the heating element will have to be raised ve 
siderably above that at the surface, in order to trans 
heat at the same rate it is generated; so that, when ap 
is not properly designed, the temperature of the 
element itself may be unnecessarily high. 

6. For high temperatures, large cross-section r 
are used so as to stand the heat ; as the resistance 
low voltages are used. In welding, the greatest 
developed right at the joint because at this point t 
more resistance than at any other point in the ciro 
as the resistance is low a relatively low voltage haj 
used (5 to 10 volts) according to the size of met; 
therefore the amperage is large. 

6. The highest temperature is obtained with the 
arc. This kind of heating is used in ceitaiiv types of 
furnaces, for cutting structural sled, etc. 
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HEATING ENGINEERING Sec. 4, 7-1 1 

ELEGTRIO HEATINO IN THE HOUSEHOLD 

7. The apparatus employed for heatiiig or cooking con- 
sists of some form of resistor, such as long coils of wire 
covered by a suitable protective coating. The heating 
elements are designed to give a uniform temperature, and 
to conduct the heat rapidly and evenly to the device to be 
heated. Uniformity of operation is very essential if the 
apparatus is to be durable and remain reliable at the high 
temperatures at which most electrical heating apparatus is 
operated. 

8. Air jacketing or other non-condnctiiig protection is 
employed wherever possible, so that radiation from cooking 
vessels may be reduced and convection losses be as small as 
possible. The exterior of the vessels is polished or plated 
for the same reason. As the utensils are not subjected to 
any deleterious fumes or to smoke, they do not readily tarnish. 

9. In properly designed apparatus the heating element 
forms a part of the device to be heated, or must be closely 
in contact with the part of the apparatus to which the heat 
is transmitted. The heated surface or the heating element 
should be constructed to be easily removed for repair or 
replacing, for though they last a long time, the chances are 
that their life will not be as long as that of the apparatus 
of which they form a part. 

10. In wiziiig for electric heating and cooking appliances 
no other precautions are necessary than those adopted in 
ordinary electric lighting installations. Where the heating 
apparatus consumes 500 watts or over, the ordinary lamp 
sockets should not be used, but special wall plug rer:ep- 
tacles employed in their stead, each controlled by a sej^arate 
switch in the same room. 

11. Under no circumstances should heating or crx>king 
apparatus be used on circuits of vohages more than 5 [ler 
cent higher than that marked on the name plate attacherl 
to each article, when articles are marked for one voltage; 
but when a range is given, for example roo to 125 volts, this 
must not be exceeded or the apparatus will 1^ HfK^ilfrd. ()ti 
the other hand, if the apparatus is put on circuits of lower 
voltages than it is designed for, it will nrit heat <vu<k^ 
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12. The hoatini; apparatus should never be ixnxnened in 
water unless inli-nded for that purpose, and cooking appara- 
tus mi]>t not l»c allowed to boil dry or it will be spoiled, just 
;i> it xMuild over an ordinan^ fire. 

13 In the event of any electrical heating device failing 
t.i «!ii it- work, it is the wisest plan to look and see if the 
i'liii: .nul Kou\ are in good shape and then write to the 
ni:;:.ui.iv Hirer, giving voltage, catalogue number, and serial, 
;i...i .i-k \oT a new ]\art. or where to ship the apparatus. 
Nc \(r t.ike it .ijurt until the manufacturer states it is all 

! i!.: tu lio >o. 

14 When the flexible cord used to connect the wall 
, ...L' Ti-iiptaili^s with the heating apparatus becomes frayed, 
v ■ ::.. i-r kinkiM. it should immediately be repaired, as other- 
V .M \\\\v\\ the wear Ixvomes greater through neglect, it is 
.. : : >:i ri rirruit .and the fuses may blow out; and then 
:: c:i :> liie inronvenienoe of doing "without the apparatus 
..;.:.. ::.i iii>e is replaaxi and the cord repaired. 

It 1:. rr-iJenivs it is advisable to provide a separate 

: . .: ::.:\..;i:!H»;;i if it is ]>roposed to use radiators and elec- 

'. :.> >.:ui il'.is .r.lows of a separate metor being em- 1 

i :.v r..:es for motor and heating apparatus in 

: :> ..ri Mr\ :v.;^h IvMver than those for lighting. 

.■':•. ..:-. :■-...: .^ ..r.i.les s;:.h ."*> f.^jtirons, curlinc-iron heat- 

'* • -..'..'.. i \ ...1>. :..'. :'.,/.:'<. :i:.kerues. chafing dishes, etc., 

;.*..:•-.; >v ..\\x i':x7cy in :he course of a month that 

: : .;':r..:.:;c :::;:" .:: lie::::-:: ra:es is inappreciable, 

■.■-'-.::.:.>:■.-: » , r.':: vx :::!c :: pu: in a separate ciraiit 

■ ■ -mm * 

:•. ' !kL^f . . :.- .^:■. c . :" :•-:•: .rf.-ur disk stc^-es. 5-ioS- 

-- ...r.: : : * vn - S TV I^ DT 

■' ^ ■ • ~ " 1 

_• • ■ * ^ ■ 






HEATING ENGINEERING Sec. 4, 18-33 

same principle as the small gas heaters. Retail price, 
S30. 

18. Both these devices should be controlled by a knife 
switch right in the kitchen, with a small pilot lamp so as to 
show when the current is turned " on," and then the possi- 
bility of wasting energy is reduced. 

21. Oookiiig utensils are constructed in two wa3rs : they may 
be combined with the electric heater, or they may be separate 
from the heater. In the former case there is a slight saving 
of energy effected, but against this has to be placed the in- 
creased cost of the combined articles and the greater diffi- 
culty of cleaning them, as they are heavy and cannot be 
immersed in water, also the impossibility of using the heater 
in connection with any other appliance. There is an 
advantage, therefore, in having the utensil and the heater 
separate. 

22. When separate utensils are employed, care must be 
taken to choose only those that have flat bottoms, or better 
still those that clamp to the stoves, as they operate about 30 
to 40 per cent quicker ; for if they do not come well into con- 
tact with the hot plate, a loss of energy will result due to 
radiation. Wherever heat encounters high resistance, such 
as in an air space or any other non-conductor, the tempera- 
ture of the radiating surface must rise until it reaches a 
point where the heat can be carried ofiF as fast as it is 
produced, and an unnecessary use in temperature means 
increased radiation losses. A sooty saucepan or ketde 
taken oflF a coal fire should never be used on an electric stove, 
as the dirt prevents rapid and economical heating. 

23. Electric Heating. — The electric radiator has a wide 
field of usefulness, although it is not commercially practical 
to heat residences or large buildings, except in rare cases of 
very low cost of energy. While for continuous service the 
operating cost is too high under most conditions, for occa- 
sional demand they are economical and supply heat in an 
ideal manner. When in operation all the electric energy 
supplied is converted into heat, whether operating at full 
capacity or less. The control is simple and the supply can 
be varied to meet the demands. There being no combus- 
tion, there is no vitiation of the air and, of course^ no txavsa^ 
dirt, odor, unsamtaxy or objectionable featvaes*. 
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24. No definite rule can be given to determine the 
amount of electric energy for heating a given space without 
knowledge of all conditions to be met, but approximate 
estimates can be made by allowing two watts per cubic foot 
of space for well-constructed buildings in cold weather; 
one watt for warm climates and three for extremely cold 
climates. 

26. The electric radiator in the bathroom is a luxury and 
its cost for operating is not expensive. While considerable 
power is required, usually 2000 watts, the time of service (from 
15 to 20 minutes) is short. The cost need never exceed ten 
or fifteen cents for warming the room for the morning bath. 

26. There are two types of electric heaters, luminous and 
non-luminous. The luminous radiator consists of three or 
four large cylindrical incandescent heating lamps with a re- 
flector behind them, fitted into an ornamental frame. These 
lamps differ from ordinary incandescents, being specially 
designed to transform electrical energy into radiant heat 
The source of heat is a small filament which is heated to 
incandescence by the electric current. The cheerfulness of a 
luminous radiator when in use is decidedly attractive, and by 
employing this method of heating the benefits of an open 
fire with none of its drawbacks or inconveniences are imme- 
diately available through the turning of a switch. If pre- 
ferred, the radiator may be installed permanently in the 
fireplace, though in such case the chimney should be her- 
metically sealed up by cement or other effective means. 
The chief advantage of this radiator is its portability. 

27. The non-luminous radiator is made with enamel 
plates, open coil resistance wire, cast-iron grids, and car- 
tridge units. The air inside of the heater becomes warm, 
rises, and is immediately replaced by cold air. 

28. It is of the utmost importance that electric radiators of 
the convector type be placed in correct positions, and such 
positions are to be found where the air is incoming, never 
where it is outgoing. Heated air always moves with a cur- 
rent and will, if the currents are strong enough, stream out 
with them, without properly heating the other parts of the 
room. If the convector is properly installed, there should 
be an end of cold drafts. Where large rooms are to be 

heated, several radiators should V>e em\Ao^^,\i^Q.'a.\SkSfc ^^^^a, 
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heavy current radiator will not give as good results as a 
number of smaller ones taking the same energy collectively, 
since the latter will distribute the heat more uniformly over 
the room. 



34. Domestic Heating Devices. Watts consumed and Cost 
OF Operation based on 5 ct. per Kw-hr. 



Apparatus 



Sroilers, 3 ht 

Chafing dishes, 3 ht 

Cigar hghters 

CoflFee percolators for 6-in. stove . . 

Coil heaters 

Com poppers 

Curling-iron heaters 

Double boilers for 6-in., 3 ht. stove . 
Flatiron (domestic size), 3 lb. . . . 
Flatiron (domestic size), 4 lb. . . . 
Flatiron (domestic size), 5 lb. . . . 
Flatiron (domestic size), 6 lb. . . . 
Flatiron (domestic size), 7.5 lb. . . 
Flatiron (domestic size), 9 lb. . . . 

Foot warmers 

Fr3ring kettles, 8 in. diameter . . . 
Griddle-cake cookers, pin. by 12 in. 3 ht. 
Griddle-cake cookers, 12 in. by 18 in., 

3 ht 

Heating pads 

Instantaneous flow water heaters . . 
Kitchenettes (complete), average . . 

Nursery milk warmers 

Ornamental stoves 

Ovens 

Plate warmers 

Radiators 

Ranges: Three heats, four to six 

people 

Ranges: Three heats, six to twelve 

people 

Ranges : Three heats, twelve to twenty 

pec^le 

Shaving mugs 

Stoves (plain), 4.5 in., 3 ht 

Stoves (plain), 6 in., 3 ht 
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Watts 


Cents per Hour 


300 to 1200 


1.5 to 6 


200 to 500 


I to 2.5 


75 


0-375 


100 to 440 


0.5 to 2.2 


no to 440 


0.5 to 2.2 


300 


1-5 


60 


0.3 


100 to 440 


0.5 to 2.2 


275 


I 


350 


1.4 


400 


2 


475 


2.4 


540 


2.7 


610 


3-05 


50 to 400 


0.25 to 2 


82s 


4.125 


330 to 880 


1.7 to 4.4 


500 to 1500 


2.5 to 7.5 


50 


0.25 


2000 


10 


1500 


7-5 


450 


2.25 


250 to 500 


1.25 to 2.5 


1200 to 1500 


6 to 7.5 


300 


1-5 


700 to 6000 


3-5 to 30 


1000 to 4515 


5 to 22 


1 100 to 5250 


5.5 to 26 


2000 to 7200 


10 to 36 


150 to 


•75 


50 to 220 


0.25 to I.I 


TOO to A,&,0 
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HEATING ENGINEERING Sec. 4, 37-38 

7. Electric Heating Devices for Commercial Purposes. 
Watts Consumed and the Cost of Operation based on 
5 ct. per kw-hr. 



Apparatus 



Lnnealing furnaces 

lar or barber's urns, i to 5 gals., 3 ht. 
(aker's ovens, 30 to 80 loaves . . 

^igar lighting 

Dorset irons 

>ental furnaces 

7lue pots 

lat irons (small) 

iatter'siron, 9 to 15 lb 

nstrument sterilizers 

..aboratory apparatus flask heaters . 
tiachine irons, 12 to 18 lb. . . . 
Mtch kettles, 12 and 15 in., 3 ht. . 
*olishingirons, 3.5 to 5.5 lb. . . . 
Radiators (various sizes) .... 
Sealing- wax pots, .5 and 1.5 pt. . . 

>hoe irons 

Soldering irons (various sizes) . . 
Soldering pots, 4 to 10 lb. capacity . 

Tailor's iron, 12 to 25 lb 

^ulcanizers for automobile tires 



Watts 


Cents per Hour 


200 


I 


200 to 1700 


I to 8.5 


6000 to 10,000 


30 to 50 


75 


0.375 


350 


1-75 


450 


2.25 


no to 880 


0.5 to 4.4 


200 


I 


450 


2.25 


350 to 500 


1.75 to 2.5 


500 


2-5 


770 


3-375 


300 to 1500 


1-5 to 7.5 


330 to 450 


1.7 to 2.5 


700 to 6000 


3-5 to 30 


175 to 300 


0.75 to 1.5 


200 


I 


100 to 450 


0.05 to 2.25 


200 to 440 


I to 2.2 


660 to 880 


3-3 to 4.4 


100 to 450 


I to. 2.25 



38. Standard Sizes of Electric Baking Ovens 



Outside Dimensions 
IN Inches 


Number 

OF 

Shelves 


Sq. Ft. 
Baking 
Surface 


Number 
Loaves 

One 
Baking 


Kw. 
Full 


Wide 


Deep 


High 


Heat 


32 
37 
37 
42 


28 
29 
29 
29 


50 

58 
66 

66 


3 
4 

5 
5 


12 
18 
24 
28 


30 
48 
60 
80 


6 

8 

9 

10 



Other special sizes built to order. 

— TftcsB are cabinet ovens, built of galvanized \roii>Via.Nm\L^'^'^^ ii^ysax. 

'"*rt tad an independent drop door for each shell. 
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S«4.. 4* iV 41 HEATING ENGINEERING 

riMv l)uki! evenly on all the shelves, and whfle adapted 
. .jM • I illv lo bread, cake, and pastry, can be used for roast- 
Mtc mIIj |>irtiHl success. With the large size, for example, 
I '•> •«; l>v ()0 in., g6o loaves of bread can be turned out 
III 1. ... lii.iii ri>;ht hours, starting with the o\-en cold, at an 
. x|M iHhitiif «)i Ifss than 80 kw-hr. or at the rate of about 
liiiHiiii iivf I fill loaves per kw-hr. 

39. Bookbinders' Appantos 



'*»••»•• ""i liurii hi-jiiiMl Iicad. Load factor* 13 to 20 per cent 

."•*■••"» 1 1 o volts 235 watts 

" '» '■•'II 1 10 volts 375 watts 

■ . ■" ■'» '. ••» ^U\i\ !u\ni) no volts 3300 watts 

r i;.i.; ■<.■ kvImUI l»oiuh lover stamper 

> > .im[). no volts 1650 watts 



• .• « 



" '•" ■'' ' • '"^'» 'uMii'i's . . Load factor 50 per cent 

'•• '" '^ ■ -n I to volts (5 amp. 500 to 660 watts 



,. ••»•»«• ...iiii'^ iMfsN luMvl 



2 amp. to 20 amp., according to size 



ill. ''«•(' 



. . I ro volts . Load factor 40 per cent 

1' • ♦ ■'•.»^ :"x* wMits, running 148 watts, cost 0.75 ct. per hour 
!• ■■ ♦ '»•^^ i'.»> \v;itis, running 203 watts, cost i ct. per hour 



. ,.i-". ^^ » \ -iriUrr T I >'• volt 



100 amp. max. . 40 amp. mm 



40. Candy Manafactnring and Gonfectionexs 

.,...-■ ' ' ^^ liniv'i ,»t lii !|^|)iuji; [xiri 

.. \ "u'Ms ' HI. cIiocoiLiie . no volts, start 150 watts, run- 
ning 50 watts, cost about 
C.25 cent per hour 



I 



.X I .lut . tjo soils . 12 amp. siart, running 4.5 amp. 
., ,iiv jiovolis . 12 a:np. start, running 2.5 amp 

■ lUMUv'is ! !o \oIis . ^o 10 ICC ua:ts 



41. Cigar Lighters 



1 . . I I -1 

Vi..;:u: 'ual.s a loil lo white hoa' 

' IakikI fuLtor U hcc 



2 to iG per cent 

•^es . 22c watts 

. . 75 watts 



HEATING ENGINEERING Sec. 4, 42-46 

42. Electrotyping 

ax stripping table 

26 in. by 34 in 225 volts 27.1 amp. 

ax kettles Load factor 33 per cent 

20 in. diameter, 17 in. deep 225 volts 16.5 amp. 

>mposition kettle Load factor 40 per cent 

18 in. diameter, 13 in. deep 225 volts 18 amp. 

43. Foxge. — Electric forge consists of metallic vessel 
intaining an acidulated aqueous saline solution. The 
>sitive pole is the vessel itself, while the metal to be heated 

attached to the negative pole and dipped into the solution, 
ne hundred and ten volts is impressed on the circuit, and 
le heat is rapidly developed at the point of contact. 

46. Hat Factoiy 

urling machine, Seg- 

schneider type . . .110 volts i amp. 
urling block for tweedy 

machine no volts 6.5 amp. 

urUng block for Turner 

edging machine . .110 volts 6.5 amp. 
Seating attachment for 

Agar curler . . .110 volts 2.5 amp. 

langing bag heater . no volts 8 amp. start. Average 440 watts 
[and flat for straw hats no volts 6.5 amp. start. Average 550 watts 
roning block for Reid 

machine no volts 4.5 amp. 

roning block for Yale 

machine no volts 4.5 amp. 

hackle stoves, hooded 

type no volts 5 amp. 

^eiouring stoves . . .wo volts 4 amp. 
orming irons . . . .110 volts 3 to 8 amp. 
land shell . . . .no volts 2.5 to 3.5 amp. 

46. Kilns. — The burning of china in electric kilns reaches 
he highest measure of perfection on account of the fine 
leat regulation. 

Js^anning ovens use about 40 watts per cubic foot of air 
pace, depending entirely upon the mass ol rcv^X-aX. \.<^ \i^ 

141 
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47. Laundry 

Bosom ironer Load factor 59 to 79 per cent 

Roll, 10.5 in. long, 8 in. diameter no volts max. 16.8 amp. 

Average 1450 watts. Usually 
in sets of three 
Neck band ironer 6 in 3.5 amp. no volts. Average 

350 watts 
Sleeve machine 12.4 amp. no volts. Average 

1234 watts 
Body ironer 36 in 41.5 amp. no volts. Average 

4563 watts 
Yoke machine 6 amp. no volts. Average 575 

watts 
Collar and cuflf ironer Load factor 50 per cent 6.5 

amp. no volts. Average 600 

watts. 
Rotary collar tipping machine . . 3 amp. no volts. Average 250 

watts 
Heim collar shaper Load factor 40 per cent 5.5 

amp. 20 volts. Average 100 
Hand collar edging machine . . watts 6.25 amp. 20 volts. 

Average 115 watts 
Pressing irons, no volts 5 -lb. 400 watts. 7-lb. 450 watts. 

Load factor 40 per cent 

48. Paper Mills. — Drying rolls of endless cloths usually 
used on three rolls. For a capacity to evaporate 120 lb. 
water the rolls would use — 

671 watts 

895 watts 

1044 watts 

Total . . . . 2610 watts 



49. Paper Box Makers 

Glue cooker, 25 gallons' capacity no volts 1000 watts. Average 

run 800 watts. 

Inman box-covering machine . . Load factor 79 per cent. 5 ft 

by 9 ft. carries i qt. glue, no 
volts 1.5 amp. 165 watts. 

Knowlton and Beach belt machine Load factor 77 per cent 

I -pint pan and 5-gallon glue reservoir 

no volts I amp. on pan, 5 amp. 
on reservoir. Average 610 
watts 

Glue pots, 2-qt 1.3 amp. \.o t. ^to:^. 
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HEATING ENGINEERING Sec. 4, $0-53 
60. Printiiig 

Monotype machine i, max. 2200 watts, min. 900 

watts. Average 1400 watts 
Matrix drying table, average work- 
ing temperature 325 deg. F., 25 

in. by 32 in no volts 2432 watts. Load fac- 
tor 50 per cent 
Press blanks for color work . . Load factor 25 per cent, no 

volts 9 amp. 1000 watts 
Sweating plate, 14 in. by 14 in. . . no volts 7.4 amp. to 14.8 amp. 

Average 1200 watts 

J 8 in. by 25 in no volts 19 amp. to 38 amp. 

Average 3200 watts 
Felt burners for taking down the 
bolsters which form on the blan- 
kets of large cylinder presses. . no volts 100 watts. 



51. Sawing. — Hot wire cutting used in veneering, 
immense saving over band sawing. The mechanical saw is 
thicker and wastes its thickness every cut. Consumption 
of current varies with length of wire. 



52. Shoe Factory 

Shoe stamping machine. Circular 

die head no volts 4.5 amp. 500 watts. 

Load factor 80 per cent. 
Shoe ironing tools 200 watts. Load factor 60 per 

cent. 
Treeing machines. — watts. 



53. Soldering Irons 

On steady work Load factor 50 per cent. 

On intermittent work Load factor 10 per cent, no volts 

4 amp. Average 220 watts. 
Small irons for telephone work . any voltage up to 125 90 watts. 
4.25 lb. iron for heavy work . . any voltage up to 250 425 watts. 

In general allow 100 watts for each pound weight of 
soldering iron. Weights 8 oz. to 70 oz. ?>c\Aef«v^ \S53^^ 
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Sec. 4, 54-56 HEATING ENGINEERING 

must not be used with free add. Use a paste or rosin, as 
acid eats up the iron in a very short time, and the fumes 
eat the resistance wire. 

A factory using 25 irons paid in 1905 for gas $502. After 
substituting electric irons $422 was paid for electric energy 
for equivalent period, and there was also a gain in output d 
product. 

64. Upholstery Goods 

Finishing ironing machines. Cylinder 20 in. diameter 5 ft. long. 
Average 17 kw. 

56. Water Heaters 

Circulating, 30 gallons* capacity . no volts 3000 watts. 
Average consumption 850 watts gives temperature 116 deg. F. 

Circulating, 60 gallons* capacity . no volts 6000 watts. 

Cup-shaped, i-pint capacity, 300 watts. Boil water in 5 minutes, 

starting at faucet temperature. 
Cup-shaped, i -quart capacity, 500 watts. 



Immersion coil heaters. 

For heating liquids in any vessel, made in flat coils and cylindrical 
coils, one and three heats. All sizes from 3.5 diameter up to 12 in. 

or more no volts. 

Coils consuming will boil i quart of water in 

400 watts 19 minutes 

900 watts 1 7 minutes 

2000 watts 3 minutes 



Instantaneous water heaters. 
Attached on water supply pipe . 4000 watts. 

Will heat a glass of water to 160 deg. F. in 40 seconds. 
Will heat i quart of water to 105 deg. in 40 seconds. 
Will heat i gallon of water to 170 deg. F. in 10 minutes. 



66. Welding. — Alternating current, usually with trans- 
former reducing to 5 to 10 volts. On very small work 10 
volts can he used. Special welding taacYvme, \s Twa^Yswi. 
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HEATING ENGINEERING Ssc. 4, 57-59 



i Cross-section 
Square Inches 


Diameter of Round 
Bar in Inches. 


Watts 


Material 


0.05 


0.25 


1,500 


iron or steel 


0.25 




6,700 


iron or steel 


0.30 


0.625 


9,000 


iron or steel 


0.6 




13*500 


iron or steel 


0.02 




3.750 


copper 


O.II 

t 


0-33 


12,750 


copper 


I 




60,000 


copper 


0.7s 


I 


46,000 


copper 


I 




21,000 


iron or steel 


0.79 


1-25 


16,500 


heavy iron pipe 


3 


3 


62,000 


heavy iron pipe 



)7. The time necessary to accomplish a weld is very short, 
rying from two seconds in the small pieces up to thirty 
onds, except in the very large welds; for instance, three 
lare inches of cross-section might take two minutes. So 
Lt even for heavy work the actual current consumption 
lot excessive. 

58. Example. — Wagon tires i in. wide, 0.25 thick, 6.75 
'. for 25 seconds would cost less than 0.25 cent per weld. 
D welds could be accomplished in an hour. 

59. Wrecking and Construction. — The electric arc can 
used very advantageously for cutting off the projecting 

Is of steel piling, when building the foundation for heavy 
ildings, or when wrecking steel work. A plant operated in 
w York City on alternating currents employed four 20-kw. 
gle-phase transformers connected in multiple, the second- 
ly e. m. f . being 50 volts. One side of the circuit was con- 
:ted by a wire bolted to the steel, and the other was 
inected directly to a carbon electrode. The carbon dec- 
ide was 1.25 in. in diameter, and 10.75 i^- long, and was 
,mped between two copper plates 5 in. square by 0.5 in. 
ck. The operator must wear an asbestos mask and gloves 
protect himself from heat, the mask being fitted with 
uble black glass goggles to protect the eyes from the strong 
ht. This plant required 650 amp. at 50 volts, and in an 
;ht-hour day 10 ft. of steel piling were cut, the cut vary- 
r in depth from 0.5 in. at the centei oi a. p^^ Xa "^.^ *>^^- 
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Sec. 4, 60-63 HEATING ENGINEERING 

at the ends, with an energy consumption of 256 kw.-hr. 
With energy at 10 cents per kw.-hr., this device saved ova 1 1 
$10 a day in labor, to say nothing of the value of the time | [ 
gained. 

ELECTBIO HEATING GALCULATI0N8 

60. If it is desired to estimate the proportion of the Kght- 
ing bill which is due to energy used for heating purposes, 
the following is a simple method of ascertaining it ap- 
proximately: find out first the lamp equivalent for the 
heating device in question. The usual no-volt, i6-cp. 
carbon-filament electric lamp requires 56 watts. Therefore, 
divide by 56 the number of watts consumed by the heater 
(this figure will hfi obtained from name plate or the maker's 
catalogue) ; the result wOl be the lamp equivalent for the 
heater. Then knowing the cost of operating a lamp for one 
hour, it is easy to calculate the cost per hour for the heater. 

61. If heating apparatus is employed to any extent, it 
will pay the user to instal a separate heating drcnit con- 
nected to another meter, as the price for electric current for 
heating is generally lower than for lighting. 

62. In the maker's catalogue, and stamped on each piece 
of apparatus, will be fourd the watts taken by the particular 
apparatus after attaining its normal temperature when con- 
nected in the position of maximum heat. 

63. The number of watts divided by 1000 and multiplied 

by the fraction of an hour the apparatus is connected to the 

supply mains, will give the kilowatt-hour consnmptioii, 

which is the unit registered on the meter and upon which the 

charge made by the electric supply company is made. As 

an example of the calculation referred to, consider a piece 

of apparatus rated as 500 watts and connected to the circuit 

for twelve minutes. Twelve minutes is U or -J- or 0.2 of an 

hour, so the total kilowatt-hour consumption is ^yggg-^ =o.i, 

or one tenth of a kilowatt-hour. The consumption is 

sometimes given in amperes (the unit of flow of electricity), 

in which case the number of amperes multiplied by ie 

voltage of the circuit will give the total watts. The total 

kilowatt-hour consumption can then be calculated as in the 

instance given above. 
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64. If the watts are given and it is desired to ascertain 
ow many amperes are required, the watts should be divided 
y the voltage of the circuit. 

66. In kettles, stewpans, etc., and most of the utensils 
esigned for heating liquids, the time required is about 10 to 
4 minutes to boil. With plate warmers, foot warmers, hot 
iipboard, etc., and most of the apparatus in which slow- 
eating apparatus is employed, the time is from 10 to 20 
linutes. In hot plates, grills, and other high-temperature 
pparatus, the time required is from 2 to 6 minutes. 

67. Time taken to heat water in any quantity to any defi- 
ite temperature not exceeding boiling point can be deter- 
lined from the formula: — 

PXrj 

Where / equals time in minutes. 

Where V equals number of pints (U.S.). 

Where Ti equals initial temperature in degrees F. 

Where T^ equals final temperature in degrees F. 

Where P equals consumption in watts. 

Where 17 equals electrical efl&ciency per cent. 

68. As an example take the instance of the teakettle 
^hose electrical efficiency is 90 per cent, consumption 450 
TsXts, and contains 1.5 pints of water at 62 deg. F. The final 
smperature is that of boiling water, namely, 212 deg. F. 
»ubstituting the known value in the formula, the following 
s obtained: — 

l.< X (212 — 62) X 18^4 . . 

t = —^ — ^^ ^ *^= 10.20 mmutes. 

450 X 90 

69. The cost of heating any quantity of water can be 
letermined from the formula : — 

P _. g X V{T2 — Ti) 0.0306 

V 

Where C equals cost in cents. 

Where c equals rate charged in cents per kilowatt-hour. 
Where T2 equals final temperature in degrees F. 
Where Ts equals initial temperature in degrees ¥ . 
Where 7 equals eiectrical efficiency per cent. 
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^ikiiiK (>i<.M'i^'"' "'''''*' "''''^' ^"'"^ ^^ ? ccnn ur ii-CE I 
.uiii .iinl lilt i-lt-iirixil i-lli( k-niLy at 92.5 per cen: a 
iii I'lt kilili:), jiitfa, i-li .), lliL-n the ccsi of xaisin^ aiKX:i| 
uiiii liiiiii 4J ilig. r. In 312 'k-g. F. wtU be: — 
~4j) y 0-03516 _ ^_ ^^^ 
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VU l-riiiii llu^ ruriiiiilii already given it -will be imG3Li3 
(In: |,iii>lu>i 111' ».iii.'> ami ilif time required to last ls 
'|u,iiiiii) III' u.iUr tiiuiiy |<;irli('iil:ir tcmperatutEEi: zass3L. 
llniiU.r. il it ia liiain-il lo shurli-n the time of faeaimi! 
».iUi 111 lilt: i'i-'|iiii'i'>l t('iii]icr:iliire, the warts mus: m-n- 
|..>iij..ii.iiil> iuiiv.iM'il. VMi- 71 gives the cost of ness 
II, ill I I" laiLima iiiii[iiTaliirfs a( several differeni teis :e 
t.jl.,,..iii liiiur, »lii-ji llii' roiuirttl temperature h£f 1: x 
.iLi.iiiimI ill -,, ii., J>j, and Oil iiiimites resj>ectiTeh-. im 
i)il> i.il>l> il i\ill iiL- [loU-il iliat th(ui|;l) the cost is iadqimaa 
oi ilii liiiii-. ilii- iaii>iiiK ia]iaiity "f the wires muabe^ 
I iliL- hi-uliiiK hus to be done in 1 mC 
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72. The heat requiTed to raiae the tenperatnre of a given 
qiace or room to a certain value depends upon the ventila- 
tion, the character of the walls, the dimensions, propor- 
tions of the room, etc. If the walls were perfect non-con- 
ductors, it would require a certain amount of money to raise 
the temperature to a given value, but none to maintain it. 
However, since heat will be carried away from the space by 
conduction through the walls and by renewal of the air 
through ventilation, ener^ must be supplied at such a rate 
as to just take care of these losses. Therefore, it is seen that 
together with ventilation the conductivity and area of the 
walls determine the power or energy rate necessary to main- 
tain the given temperature difference between the air Inside 
of the space and the outside surface of the walls, 

73. Figures are often given based on so many watts per 
cubic foot of space, but such figures are fundamentally wrong, 
as can readily be seen by comparing the heat necessaiy to 
warm a long, narrow room with that necessary to heat a 
square room of the same volume, the character of the walls 
being the same in both cases, 

74. It requires one watt-hour of electric energ; to raise 
the temper&tars of one cubic foot of air about 200 deg. F. 
In addition to raising the temperature of the air to the de- 
sired value, the loss of heat through conduction and ventila- 
tion must be supplied. In a properl-y coTisltut^.t'i. Vi^iSR. 
fbe loss through conduction is negWpWe ■w'lve'tt co\Mj'wei. Vi 



Sec. 4, 90 HEATING ENGINEERING 

the energy necessary to raise the temperature of the cold 
air coming in for ventilating purposes. Electric energy 
supplied at the rate of one watt will raise the temperature 
of a cubic foot of air at the rate of 0.0556 deg. F. per 
second, or approximately 3.3 deg. per minute. The power 
required to keep the temperature at a given value can be 
roughly estimated by assuming the number of cubic feet (rf 
air which are required per minute for ventilation, and multi- 
plying this by the number of degrees which the temperature 
must be raised, then dividing the product by 3.3 we obtain 
the number of watts necessary to maintain the temperature. 
For example, assume a room 15 by 15 ft. and 10 ft. high, in 
which the air is changed three times an hour, the tempera- 
ture to be maintained 30 deg. above the outside. The vol- 
ume of the room = 15 = 15 x 10 = 2250 cu, ft. 

— *2_=s 1 1 2.5 cu. ft. per mm. 
20 

1 1 2.5 X -^ = 1020 watts necessary to supply ven- 
3-3 tilation loss. 

To begin with, the air in the room must be raised 30 deg. 
This will require 

2250 X -^ = 370 watt-hours. 
200 

Therefore, the total energy used during the first hour will be 
1.020 + 0.370 = 1.390 kilowatt-hours, and during the suc- 
ceeding hours it will be 1.020 kilowatt-hours per hour. It 
will be noticed that by far the largest part of the eneigy is 
used by supplying the loss due to ventilation. 

HEATING APPUANOE DEPARTMENT 

90. Heating apparatus makes a very desirable load for 
central stations, and one that can be steadily increased by 
conducting what amounts to an educational campaign on 
electric heating. The subject is comparatively new, and 
the appliances are rather dear, so that a customer is not 
liable to purchase just to satisfy his curiosity, but must be 
convinced of the economy and convenience of the system 
before be is willing to put his money VelXo SX. 

ISO 
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91. The best way of getting and holding the public's 
interest is by actual demonstration, both in a public place 
set apart for the purpose, and in the homes of the prospec- 
tive customers. In order to carry on such a campaign, a 
special department should be organized for taking care of 
the sale and demonstration of appliances. The appliance 
department should not be limited to heating devices, but 
should handle all sorts of electrical devices in which the 
public at large is liable to be interested. 

92. Appliimce Department System. — Accurate record 
should alwa)rs be kept of the work of the department so 
that it may be known at all times where the department 
stands as an investment. 

93. Of first importance is the list of prospective customers. 
This list should include all residence customers. It will be 
found that people of moderate means are the best prospects 
for fiatirons. 

94. Where a woman is employed to canvass residences, 
daily reports should be exacted showing on whom she has 
called and with what results. A simple system will sufl&ce 
for this, the object being: (i) to record all calls and note 
status of prospect; if a second call is advisable, to provide 
for a reminder of it at the proper time; (2) to account for 
all goods left on trial, if any; to account for goods taken 
back from trial with reason why they were not kept; (3) to 
account for all collections made, if any. This report may 
be made on a single sheet each day and filed until the end of 
the month, when a monthly business statement of the busi- 
ness may be made. 

96. An office record should be kept for the department, 
showing: (i) goods taken from stock and kept on dis- 
play; (2) goods sold and paid for, with wattage, for pur- 
pose of estimating probable consumption; (3) goods sold 
and charged; (4) goods out on trial; and (5) goods returned. 

96. This record can best be kept on a card system which 
. admits of frequent going over for the purpose of keeping in 

touch with the work of the department. 

97. A complete catalogue including all their goods should 
be made up from the lists of all maiers of electric heating 
appliances, which should contain details oi -^xk.^^ ^\A ^ 
other pertinent information, and be cross-mdexe.^ \ft ^<^^ 
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the different industries in which the appliances are used. 
Such a catalogue will be found invaluable as a guide to 
possible users of industrial heating apparatus. 

98. The arrangement of a stock of heating and other 
appliances should be such as to' minimize care, handling, and 
record-keeping, and also eliminate errors in placing ordeis 
for replenishment of stock. 

99. Stock shelves should be in a dry, temperate room. 
The shelving should be shallow so that the entire stock is 
in plain sight, and to prevent accumulations of miscellaneous 
rubbish behind the stacks of appliances, as is sure to be the 
case where shelving is deep and more or less inaccessible. 
Stock shelves should be plainly labeled and numbered. 

100. Heating appliances should be kept carefully wrapped 
and boxed. Articles for which the call is slight, and which 
may be in stock for some time, should be extra wrapjjed and 
sealed with sealing wax to prevent deterioration. Eadi 
package should be carefully marked so that it need not be 
opened until wanted for display or sale. 

101. A stock record system should be rigidly kept, such 
system depending as to detail upon the amount of stock kq)t 
and other local conditions. The objects sought by such 
a system are : (i) record of orders placed for goods; (2) record 
of goods received and particulars as to their condition on 
receipt; (3) record of goods taken from stock for display; 
(4) record of goods taken from stock for sale; (5) record 
of goods put out on trial. 

102. The object of a heating appliance display is to interest 
prospective customers in the devices and to educate them in 
their use. And it is obvious that a small but well-arranged 
display is better than a large, meaningless jumble. 

103. When arranging displays have as few articles as 
possible and surround them with natural accessories. Thus, 
a single flatiron connected to a circuit and placed upon an 
ironing table with its stand, a garment for ironing, a dish 
of water for the sprinkling, etc., will be far more effective 
than a number of irons alone, and not connected. A good- 
sized card, neatly lettered, explaining in few and simple 
words the advantages, price, and cost of operation, completes 
this display. 

104. In similax fashion dispVays oi eo^^fc "^^scxJiaXsss^ 

1S2 
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•Lfing dishes, teakettles, and other tea-table appliances 
>uld be placed upon a regular tea-table spread with clean 
en or doilies, and surrounded with the natural accessories, 
ch as dishes, a bowl of fresh flowers, a portable lamp, etc. 
106. All articles on display should be connected to circuit 
d ready for instant demonstration. Any defective appli- 
ces should be removed for repair. Prices should be marked 
plain figures, so that any employee, whether familiar 
th the goods or not, could make a sale, and it should be 
5 duty of all employees in the ofl&ce to be sufl&cientiy familiar 
th the goods to speak intelligentiy as to price, cost of opera- 
m, and performance. 

106. Electric irons, chafing dishes, coffee percolators, 
sisters, and other apparatus may advantageously be put 
.t on trial, as they are almost sure to prove so satisfactory 
at the customer will desire to purchase them if the matter 
properly followed up. 

107. The same care should be given these goods as is 
/en by a jeweler to his stock. Displays should be dusted 
ily at least once, and all nickeled appliances should be 
refully wiped. 

108. A display case of glass should be provided into which 
[ appliances, such as percolators, chafing dishes, etc., may 
I placed. This case should be kept closed to exclude 
impness. It may be so arranged as to be an example 

show-case lighting by installing fixtures inside with a 
►nvenient switch so that the lamps may be lighted whenever 
customer is being shown an appliance. 

109. Where goods are offered on trial all appliances 
hich are returned should be carefully inspected, repabed, 
id if necessary refinished before being put in stock again. 
Eirnished or damaged appliances should never be allowed 
• remain where a customer might see them. 

The management of a central station about to engage in 
e exploitation of such devices should make especial 
forts to encourage the installation and use of this class of 
)paratus on its lines. 

110. The salesman should of course be fully posted on 
le relative merits of various kinds of apparatus, and should 
low why the apparatus he offers is the best m -^ovcsl^ 'iki 
irahUity, e&ciency, and economy. To oblam 1\\y& mlorKss^- 
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tion the salesman should tiy to associate with the salesiniB 
direct from the factor; where these devices axe made b 
order to imbibe their enthusiasm and knowledge, and also 
their views of their own apparatus and that of others. Gradu- 
ally the active advantages and disadvantages of the variwa 
makes will arrange themselves in his mind, and he will at 
the same time see why one method of raajiufacture cosIj 
more than another, or less, and why this or that article i; 
best suited for certain work. 

111. A salesman should never attempt to demonstrate r. 
appliance with which he is unfamiliar, not only as to generii 
characteristics, but as to current consumption, time n«& 
sary to reach working point, and method of operatioD. 
The object of demonstration is to show how easily, swiftly, 
and economically any electric appliance can perfonn ic 
functions, and awkwardness or ignorance on the part of 
the demonstrator immediately reflects discredit upon thai 
appliance. 

112. In demonstrating any device it should be remem- 
bered that a reasonable time most be allowed for it to heal 
to working point; the switch should not be thrown and then 
the time of waiting passed in silence. A few minutes may 
seem an eternity to a customer who is accustomed lo set 
a lamp lighted at the touch of a button, so the intervil 
should be filled with an explanation of the construction cf 
the device, manner of attaching the cord, workings of tht 
separable plug, and other vital items. It should always be 
stated to the customer that it takes a few minutes for the 
device lo heat up, and no anxiety or impatience should be 
displayed by the demonstrator. 

113. Demonstration of household appliances in the homei 
of customers is better done by a woman than a man, and Ibc 
flatiron or curling-iron heater are best for such work, being 
easily carried and readily shown. The advantage of send- 
ing a woman demonstrator instead of a man is that she will 
be admitted to a customer's house where a man, undo 
many circumstances, would cot be allowed to enter, and her 
efforts to bring other electric appliances than the one she is 
showing to the attention of customers will not be resented, 
as Ihey might be with a man. Choice of demonstrator 

should fall upon a woman oi midd\ft a^t, <A ^Veasvat^- 
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sonality and good manners. She should be taught as much 
AS possible of the company's policy, and it should be part of 
lier duties to handle complaints wherever found. 

114. Demonstratiiig of appliances to dentists, laundries, 
'tailor shops, etc., is best fitted for a man to do. These cases 
are generally straight business propositions, and too much 
study cannot be given the customer's needs and conditions, 
"with a view to making his adoption of electric heating ap- 
pliances of distinct financial value. 

116. In all classes of demonstration collateral evidence 
should always be presented to prove the value of the articles 
demonstrated, such as letters of recommendation, pictures 
of notable installations, etc. 

116. After leaving articles on trial the demonstrator 
should follow up the matter within the next thirty days and 
learn whether or not they are satisfactory, and ii to be re- 
turned find out why. 

117. Electric heating and cooking devices naturally 
divide themselves into the two general classes of domestic 
and Gommerdal apparatus. Under the first classification, 
as the name implies, are placed all utensils used in the home, 
or for accomplishing all domestic or household operations 
where heat is necessary. Under the second heading come 
all utensils used in accomplishing any of the processes em- 
ployed in commercial or professional enterprises where heat 
is required. 

118. A salesman must recognize at once that these two 
classes demand altogether different methods of handling. 
In one case he is entering, as it were, the domestic circle. 
In the majority of cases his dealings are with the women of 
the household. He is, when he gains admittance, intro- 
duced into the atmosphere of the home, and should lay 
aside the manners and methods of the commercial world; 
a woman, by the way, should be particularly successful in 
this field, especially if she is familiar with the processes and 
requirements of general household cooking. The salesman, 
in order to be successful in exploiting electric heating in the 
commercial field, requires a much broader knowledge. He 
should first know of all the various commercial, professional, 
and scientific processes in which heat is utilized; he should 
inow the special requirements in eacVi pa.T\\cvA^x casfc^ "^^ 
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degree of heat needed, and whether it is possible to apply 
electric heat, the cost of the old method, its inconveniences 
and disadvantages, and be able to point out wherein lie the 
advantages and economies of electric heat; he should be 
able to tell the prospective customer what wiring is necessaiy 
for the introduction of electric heating and its cost, aod 
especially must he be able to give an accurate estimate d 
the expense of operating in the most efficient and economid 
manner by means of current. 

119. When the salesman has mastered the prindpks i 
electric heating, he should make a study of temperature and 
heat units. It is essential for him to be acquainted with the 
equivalents of heat and watts, and be able to compute the 
theoretical amount of heat needed to do a certain kind of 
work. When attention is drawn to a result that must be 
obtained, the customer can then be shown just what his bill 
for current will be for certain work, as compared with bills 
for gas, steam, or coal. In talking to a customer about 
heating apparatus do not say that it takes so many watt- 
hours, but tell him what it will cost in cents per hour to oper- 
ate the device for the time it takes to perform its woii. 
These features are somewhat on the engineering side of the 
sales question, and in some cases are not referred to oftener 
than a few times in a year. When a salesman has to sell 
to a man who is inquisitive on the subject, and wants facts 
and figures, he will find that then is the time to use his 
knowledge, and that the more he knows about the subject 
the better it will be for him. 

120. The use of apparatus with heat regulation should 
always be recommended, and customers should be instructed 
in the use of low and medium heats. Many cooking pro- 
cesses may be accomplished equally well, or better, on low or 
medium heat as with a higher degree of temperature, with 
consequent saving of expense. 

121. The salesman must remember that although he may 
be in a pioneer field the sale of his appliances does not differ 
materially from any other branch of salesmanship. There- 
fore in approaching a "prospect** he should first offer the 
device which he believes will be most interesting. 

122. Of the many appliances that he will have for sale 
electric flatirons are probably tV\e rcio?X e^A^ yd\xq^\ml^^ 
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and he should be fully informed as to the cost of operating 
them so as to be able to say, for example, that the average 
cost of operating a six-pound iron for heavy laundry work 
will be from $1.00 to $1.25 per month, basing his statement 
on the use of the iron four days each month with energy 
at 10 cents per kw.-hr. He should further be able to 
argue that this will save the time of a laundress — that 
ironings which would ordinarily consume seven hours can 
be done in five; that it eliminates heat from the house 
during the summer and the necessity of keeping up an 
expensive coal fire. Another feature to be presented 
to the "prospect" is the economy of storage space where 
electric cooking and heating devices are used, where much 
room is saved by the reduction in coal supplies. He should 
instruct the customer in connecting the iron, and in the 
principle of the heating element. 

123. A certain amount of the solicitor's time should be 
taken up with interviewing doctors and nurses, interesting 
them in heating pads and other electric surgical parapher- 
nalia. Here there are many arguments which should show 
the advantages of the heating pad over the old-time hot- 
water bag, and the superiority of electric surgical appliances 
over any other. 

124. A salesman may very profitably put in a portion of 
his time following up sales already made to satisfied cus- 
tomers, with a view to making other sales, as experience has 
shown that the desire for electric devices for heating and 
cooking grows with what it feeds upon. 



APPLICATIONS OF ELECTRIC HEATING 

Accountants 
Sealing-wax heaters 

Addressing and Mailing Agencies 
Sealing-wax heaters Glue pot heaters 

Amusement Parks 

Radiators Cigar Wghteia 
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Apartment Houses 



Full line of cooking apparatus 
Smoothing irons 
Sterilizers 
Curling-iron heaters 



Radiators 
Heating pads 
Foot warmers 



Soldering irons 
Sterilizers 
Water heaters 



Assayers and Chemists 



Annealing furnaces 
Enameling furnaces 
Vulcanizers 



Welders 
Soldering irons 
Branding irons 



Automobile and Bicycle Shops 



Enameling furnaces 
Armature baking furnaces 
Tire vulcanizers 



Bakers 



Ovens 
WaflBie irons 
Water heaters 



Frying kettles 
Radiators 



Banks 



Sealing-wax heaters 
Branding irons 



Radiators 



Barber Shops 



Curling-iron-heaters 
Hot -water urns 
Instantaneous-flow water heaters 



Cigar lighters 
Radiators 



Billiard and Pool Rooms 



Glue poi'j 
Cigar lighters 



Radiators 



Glue pots 
Branding irons 
Soldering irons 



Flatirons 



Blacksmiths and Wagon Makers 

Welders 
Forges 



Blue Printers 



EleclticaWy Yve^aXeA. Ar^|Va%x<3 
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Boat and Ship Builders 

pots Welders 

ing irons 



Boiler Makers 



TS 



Bookbinding , 

pots Matrix drying tables 

ling irons Lettering and branding irons 

>ing and embossing presses 

Boot and Shoe Manufacturers 

pots Shoe irons 

and welt machines Branding irons 

g tools 

Breweries and Bottling Works 

Eind resin heaters Radiators for drying casks 

ling irons 

Canning Works 

ring irons Sealing-wax heaters 

ling irons Solder pots 

Carpenters and Wood Workers 

pots Braziers 

ling irons 

Churches 

tors and foot warmers Kitchen outfit 

Cigar Stores 

lighters Radiators 

Cleaning and Dyeing Works 

rs' and laundry irons Water heaters 

i 

Cloak and Suit Manufacturers 

s' and laundry irons 
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Coffee roasters 
Coffee percolators 



Coffee and Tea Merchants 

Water urns 
Stoves 



Radiators 



Ovens 

Corn poppers 

Hot plates 



Commission Merchants and Markets 



Confectioners and Candy Manufacturers 

Water urns 
Cigar lighters 
Stoves 



Glue pots 
Soldering irons 



Water boilers 
Sterilizers 



Contractors and Builders 

Branding irons 



Dairies and Creameries 

Stoves 
Pasteurizers 



Dentists 



Dental furnaces 
Vulcanize rs 
Water heaters 



Sterilizers and cauterissers 
Radiators 



Department Stores 



Kitchenettes for demonstration 

Radiators 

Irons 



Cigar lighters 
Pyrograph needles 
Stoves 



Drug Stores 



Cigar lighters 
Hot-water urns 
Sterilizers 



Curling-iron heaters 
Flatirons 



Radiators 
Cauterizers 



Dry Goods and Millinery 
Radiators 

Electrotypers 



Melting pots 
Water urns 
Soldering irons 



Solder pots 
Heating furnaces 
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irons 



and branding irons 



•mers 



irons 
.ts 



Engravers 

Solder pots 

Factories 

Solder pots 
Welding 

Farmers 

Incubators 
Branding irons 



Foundries 



Welders 

Small core ovens 



irons 



rmg ovens 

-on heaters 
air dryers 
r urns 



Gas and Steam Fitting 



Solder pots 
Pipe-thawing apparatus 



Grain Elevators 



Hair Dressing 



:ers 



Radiators 
Foot warmers 

Harness and Saddlery Shop 

Branding irons 

Hat Stores and Hat Manufacturers 



Hospitals and Sanitariums 



ig devices 
)ads 
n coils 



x)n heaters 

ax heaters 

and tailors' irons 

> 

gbt bath cabinets 



Sterilizers 
Baking cabinets 
Electric light bath cabinets 
Kitchen outfits (complete) 



Hotels 



Heating pads 

Cigar lighters 

Kitchen outfits ((complete) 

Hot-wateT heaXei?* 



•\->i\ 



i6i 



^iM.?iw Tup 



Dttets 



Boofc-bta luting 
Seilizg-vax pots 



Matrix dnring tables 



Electric forges 



Gfaie pals 



mpMirs 



Branding iions 
Lumtber Dealers 



Branding irons 

Lunch Wagams and Siamds 
Kitchen outfits (complete) 

Machine Shops 



Soldering irons 
Solder pots 
Forges 



Welders 

Tool temperers 

Brazier 

Massage and Manicure Parlors 



Curiing-iron heaters 
Hot-water urns 



Sealing-wax beaters 
Foot warmers 
Hot-water b 



Radiators 
Cauterizers 



Offices 



Radiators 
Cigar lighters 
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Office Buildings 
rs Oil-heating apparatus 

Paper Box Manufacturers 
ts Sealing-wax heaters 





Photographers 


ts 

rs 


Burnishers 
Electric dryers 




Physicians and Surgeons 


;ing devices Hot-water urns 
rs Heating pads 
light bath cabinets Radiators 
cabinets 




Plumbers and Tinsmiths 


g irons 
ots 


Pitch kettles for roofing 
Pipe-thawing apparatus 
Thawing transformers 




Poultry Farms 


3rs 


Brooders 
Food warmers 



Publishers and Job Printers 

ts Sealing-wax heaters 

drying tables Stoves for heating inks 

g irons Heaters for drying ink on cylin- 

g irons der presses 

g and embossing presses Monotype machines 

Residences 

stats for regulating fur- Chafing dishes 

Flatirons 

jhters Curling-iron heaters 

ppers Foot warmers 

milk warmers Radiators 

pads Kitchens (jcompVelf^ 
s 
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Restaurants 

CoflFee pots Cigar lighters 

Chafing dishes Broilers (large size) 

Plate warmers Griddles 

Radiators Kitchen outfits (complete) 

Roofers 
Pitch kettles Branding irons 

Saloons 

Water heaters Cigar lighters 

Plate warmers Radiators 

CoflFee percolators 

Schools and Colleges 

Radiators Laboratory testing apparatus 

Pyrograph needles 

Shirt and Overall Factories 

Laundry and tailors* irons Mangle rolls 

Steel Mills and Blast Furnaces 

Tool tempering apparatus Welding 

Steel furnaces 

Street Railways 

Car heaters Heated brake handles 

Track welders Soldering irons 

Forges Solder pots 

Tailors and Dressmakers 

Laundry and tailors* irons 

Tanneries 

Hot wire for removing wool from 
skins 

Telegraph and Telephone Companies 

Soldering irons Soldering po\s 

Sealing-wax beate^ 
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SECTION 5 

POWER ENGINEERING 
INTRODUCTION 

1. Technically speaking, power sig^nifies the rate at which 
energy is transformed, independent of the nature of the 
transformation. The rate at which electric energy is trans- 
formed into light or heat is power just as well as that trans- 
formed into mechanical work in a motor, but the commercial 
engineer has established a custom of referring to service 
where motors are used as power service to distinguish it 
from heating and lighting service. It is in this sense that 
the title of this section is meant to apply. 

2. It is not at all necessary for the electrical solicitor to 
understand what goes on inside the motor, or to study the 
theory of operation or design. All he needs to know are 
the general operating characteristics of the various types of 
machines, how to select the type and size of motor for a 
given service, and the advantages and limitations of each 
type under given working conditions. If he is interested 
to go farther into the subject, there are plenty of good books 
already on the market which cover the ground in a most 
complete manner. 

ELECTRIC MOTORS 

3. The electric motor is a device for transforming electric 
energy into mechanical energy. The principle upon which 
all motors operate is the force exerted between a magnetic 
field and a conductor carrying electric current. 

4. Every electric motor consists essentially of a magnetic 
circuit and an electric circuit so arranged that one can move 
relatively to the other. The magnetic circuit is made of 
iron, which is a good conductor of magnetism and forms the 
frame of the stationary and rotating pa.t\. oi \kv^ \sva>s^\SL^* 
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The magnetism is produced by an electric current in coib 
of copper wire wound around a part of the magnetic circuit 
These coils are usually on the stationary part of the machine. 
6. The movable part, called the "armature" in direct 
current motors and the "rotor" in altemating-cunent 
motors, is wound with another set of coils which cany the 
current that reacts with the magnetic field, thus produoDg 
the motion. 

6. Motors are divided into two dasMs: direct-current and 
alternating-current, according to the system from which 
they are operated. The direct-current motors are subdi- 
vided into three classes, distinguished by the method of con- 
necting the field and armature windings together; namely, 
series, shunt, and compound. 

7. The series motor is one in which the armature winding 
and field winding are connected in series. It is a variable 
speed motor; that is, its speed varies automatically with the 
load, increasing as the load decreases. Series motors are 
best adapted to intermittent service where heavy loads must 
be accelerated and brought up to full speed without an ex- 
cessive instantaneous demand of energy. They are used on 
elevators, hoists, street cars, etc. 

8. The shunt motor has its armature and field winding 
connected in parallel. It is a constant speed motor, regard- 
less of the load; but its speed can be adjusted either by in- 
serting resistance in series with the armature, which decreases 
the speed, or inserting resistance in the field circuit, which 
increases the speed. Inserting resistance in the armature 
wastes energy, while the method of inserting resistance in 
the field circuit is limited to a rather narrow range on account 
of sparking. 

9. The compound motor is a combination of the series 
and shunt motor; that is, it has two distinct field windings, 
one in series with the armature, and the other in parallel 
with it. Its speed characteristics depend upon the relative 
value of the shunt and series windings. If the series winding 
preponderates, the characteristic will tend toward that of a 
series or variable-speed motor; while if the shunt preponder- 
ates, it will tend toward that of a shunt or constant-speed 
motor. The speed of a shunt machine drops off slightly 
with increase of load, so that by opposm^ tVv^ s»et\e& ^^Nindin^ 
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:o the shunt winding, and properly choosing the number 
^f turns, the speed can be held constant or made to rise with 
the load. In this case the motor is called a differential 
Knotor, to distinguish it from the compound. 

10. The operating characteristics can best be explained 
when it is assumed that the reader has a general idea of the 
Fundamental relations existing in the motor. A few of 
ihese relations are given below, and must be accepted as 
facts without proof, as it is entirely beyond the scope of this 
work to go into the theoretical side of the machines. 

11. Let E be the voltage across the motor leads; /, the 
current in the armature, or load current; i, the current in the 
field winding; ^, the magnetic flux; 5, the speed; P,, the 
power input ; P„ the power loss ; P©, the power output; 
17, the efficiency; then the following fundamental relations 
for direct-current motors can be written: — 

£ = 5x<A; 5 = -. 

Flux increases with the current i, but not in exact pro- 
portion. For convenience, we can write <^ = i, then — 

o — — , 

t 
Pt = ExI; Po=^Pi-Pi==PXrj. 

12. From the equation it is seen that the speed is deter- 
mined by just two things; namely, voltage of the supply 
and the field flux. All systems of direct-current motor 
speed control are accomplished by varying either one or both 
of these quantities. 

13. The supply voltage can be reduced, and therewith the 
speed, by connecting a rheostat in the armature circuit, 
and when using the multiple wire system, several different 
supply voltages are available. Both of these methods are 
unsatisfactory and are seldom used. The rheostat method 
is wasteful of energy and is rarely used, except for series 
motors. Examples of uses to which this method can be 
satisfactorily applied are as follows: — 

Printing presses Air compressors 

Print rolls Paper machines 

Plunger pumps Blowers 
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Fans CosaweyoTs 

Centrifugal pumps Bmiding rolls 

Hoists Cranes 

Speed control by introducing a rheostat into the armat 
circuit has also been tried in connection with niMi*hiTiA ta 
such as lathes, boring mills, etc., but has invariably resul 
disastrously. The condition imposed upon the motor d 
ing machine tools is one of constant power output through 
the entire speed range, and this condition cannot be 
when armature resistance is used. 

14. A second important characterbtic of the ideal maci 
tool motor is good inherent regulation; that is, comparati^ 
small decrease in speed from no load to full load. The ar 
lure resistance method of controlling the speed does not d 
these conditions, since the vcJtage losses in resistance 
creases directly with the load current for any given adj 
ment. 

15. The miiltq>le wire system is costly, and seldom a^ 
able; and even when available, the speed can only be vai 
in two or three large steps. 

16. There are two distinct ways of vaiying the fl 
one electrical and the other magnetic. The electric met! 
consists in regulating the current in the field winding 
means of a field rheostat, while in the magnetic method 
reluctance or magnetic resistance of the motor is vai 
by varying the air gap between the field poles and the 
mature. Examples of this system are the Stow and Line 
motors. 

17. The most widely used and most economical met! 
is the one employing the field rheostat. By this method 
speed can be varied smoothly from its normal value up t 
point where the motor would fly to pieces. In practice 1 
method is used on shunt and compound motors, but 
limited by sparking at the brushes to a rather small ra 
of speed variation. 

18. The sparking is due to armature reaction, whicl 
an effect caused by the load current. The weaker 
field and the stronger the armature current, the greater 
armature reaction, and therewith the sparking. Armat 
reaction has been rendered harmless by the recent inl 
duction of the commiitating pole, a\so eaWed ^\xx\V\ax^ \ 
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mnd inter-pole. The. windings of these poles is connected in 
series with the armature so that their effect will be propor- 
.tional to the armature current which causes the sparking. 
Shunt motors equipped with commutating poles have speed 
iranges as high as 6 to i and show no sign of sparking. 

19. There are three classes of alternating-current motors: 
the induction motors, the synchronous motors, and the 
tx>mmutator motors. 

20. The induction motor is a constant speed motor, being 
siniilar in its performance to a direct-current shunt motor. 
It is built in two distinct types, one with a short-circuited 
or squirrel-cage secondary, and the other with wound 
secondary. 

21. The squirrel-cage induction motor is the most rugged 
and reliable electrical machine built, and wherever a con- 
stant speed is required, it is ideal. At starting it requires 
an excessive current, especially if it must start under full 
load ; but if started with light load with a regular starter, 
the current is kept within a practical limit. 

22. The induction motor with wound secondary is pro- 
vided with slip rings, and resistance can be inserted in the 
secondary circuit. In some types a resistor is built within 
the motor itself, and in others it is external. The higher the 
resistance of the secondary, the less the starting current, and 
the greater the starting torque or force; but when running, 
the losses are greater, and therefore the efficiency less. 
Therefore, it is advantageous to have a high-resistance sec- 
ondary when starting that can be reduced when running. 
The resistance in a secondary circuit decreases the running 
speed, and with it the efficiency of the motor. However, 
when it is absolutely necessary to vary the speed, this method 
is used, with the induction motor having a wound 
secondary. 

23. The sjmchronous motor will not start under load, and 
must run at a speed fixed by the frequency of the system. 
The speed in revolutions per second equals the number of 
cycles per second, divided by half the number of poles; 
thus, a four-pole motor on a 60-cycle system will run at 
60 -*- 2 = 30 revolutions per second, or 1800 revolutions per 
minute. Due to the unfavorable starlm^ e\v^x^"cX^Tss}C\^ « 

Its constant speed, the synchronous xaolot \s> ^^^^otCLNi 
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except where a large amount of power is required and the 
motor can run continuously. 

24. Alternating-current commutator motors are new, 
and only a few are as yet on the market. At present they 
are used almost exclusively for traction purposes, and in 
very small sizes on fans, vibrators, etc. Undoubtedly, 
they will be introduced for general variable speed work at 
an early date. The alternating-current commutator motor 
is ideal for variable speed work, since the voltage across the 
motor, and therewith the speed, can be varied from zero to 
any desired value by the use of a transformer with taps 
brought out from the secondary, which method has the ad- 
vantage of entailing practically no loss of energy. 



THE CHOICE OF MOTORS 

26. It is of the utmost importance to users of electric 
motors that the machines purchased be not only of high 
efficiency, but of the proper size and winding to perform 
the work in hand. While it is well always to purchase a 
motor having a small margin of power above actual require- 
ments, it is not desirable to buy one much larger than is 
needed, unless additional load is to be taken on in the imme- 
diate future. 

26. The best motors are so designed that they possess 
maximum efficiency for continuous running at their normal 
rated output, and it should be the aim to so subdivide tjjt 
grouping of machinery that the motors in use may, so far 
as possible, operate at their maximum output when running 
at all. 

27. In equipping a factory a number of machines will 
often be found which are used intermittently. As a rule, 
it is not desirable to drive such machines from motors that 
are operating other machinery continuously, for if this is 
done, then during certain periods, when the intermittently 
used machines are idle, the motor will be working at partial 
load and at a point much below its best efficiency. Only 
during a portion of the time, when the machines intermit- 
tentJy used are at work, will the moloi b^ c^xrjm^ Its full 

Joad, and doing its work in the most eeoiiom\c^ xxv^xkn^x. 
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28. In cases where a mixed load must be carried it is 
desirable to split the drive and use two or more motors, one 
for driving the continuously operated machines, and the 
other for driving those which are intermittently operated. 
In this way each motor may be worked at its best efficiency, 
when working at all, and a large saving in energy bills will 
result. 

29. There are many branches of industry in which some 
machines are operated continuously ten hours per day, 
and in the same shop there may be others which are only 
operated one or two hours per day. The work may usually 
be so arranged that the machines necessitating intermittent 
operation can be used without throwing them all on at the 
same time. Under these circumstances a comparatively 
small motor running at high efficiency may be used for all 
of these machines, through the intermediary of a short 
length of shafting, 

30. The choice of the type of motor to be used is also 
largely influenced by the work to be done. Pure shunt 
wound motors have very good regulation, under various 
fluctuations of load, after they are once brought up to speed, 
and if the machines to be operated are well balanced, are 
doing reasonably uniform work, and have no very heavy 
moving parts, the inertia of which must be overcome in 
bringing them up to speed, shunt wound motors are 
applicable. 

31. The shunt wound motor, when used to bring a very 
hjfavy piece of machinery into motion quickly, where large 
inertia must be overcome, labors under a great disadvantage, 
inasmuch as it cannot exert such abnormal starting torque 
as can the compound wound motor. In the case of those 
machines which operate under sudden and intermittent 
loads, or which have parts whose inertia requires the expen- 
diture of much energy to overcome, compound wound motors 
are better, although their speed regulation is not equal to 
that of shunt motors in general. A failure to give due weight 
to these considerations has often resulted in the failure to 
get that satisfaction out of the electric drive which can 
always be accomplished when proper motors are chosen. 
Wood-working machinery, — with the exee^VxoTL Q>i \"ax^ 

xotary saws, — screw machines, engme aivi ?,^^^^ \^ 
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shapers, drills, and similar machines can usually be operated 
successfully with shunt wound motors ; while punches, large 
shears, drop hammers, planers, many classes of cooperage 
machinery, the larger printing presses, etc., can be operated 
more satisfactorily if the motor is compound wound. Cranes, 
hoists, and winches are usually equipped with straight serin 
wound motors. 

32. It is of great importance to central stations that motois 
of proper adaptability and high efficiency be purchased by 
their customers, — other things being equal, — for the lower 
the customer's energy bills are, the more he will be justified 
in using central station service, and the more attractive a 
proposition to displace his engines and boilers, or power 
rented from some line shaft, can be made. 

33. As a rule, motor solicitors, while understanding this 
general principle, do not take pains enough to enforce its 
consideration on the prospective customer. They tell him, 
in glittering generalities, that the purchase of an efficient 
motor will result in smaller energy bills than the purchase of 
an inefficient motor, but they rarely figure out to the customer 
just why, or to what extent, this is so, and the customer, 
having no knowledge of the matter for himself, does not give 
that weight to the general statement which it is entitled 
to receive. 

34. It is an easy matter to show the financial aspect of a 
small saving in motor efficiency, and for those who are un- 
familiar with the method of working out a comparison, the 
following example is given: a lo-hp. motor with an efl&- 
ciency of 100 per cent will take 10 X 746 = 7460 watts at 
full load, and 5 X 746 = 3730 at half load. If the efl&- 
ciency be 85 per cent at full load and 75 per cent at half 
load, it will take 746 -^ 0.85 = 8780 watts, and 3730 -s- 0.75 
= 4970 watts, respectively. Now, for the sake of com- 
parison, assume another motor of the same rating with an 
efficiency of 75 per cent at full load and 65 per cent at half 
load, then the corresponding assumptions are 7460 -5- 0.75 
= 9950, and 3730 -^ 0.65 = 5740, respectively. The dif- 
ference in consumption between the two motors at full and 
half load are 9950 — 8780 =1170 watts, and 5740 — 4970 
= 770 watts, respectively. Woikm^ 10 VvoxtRi ^ da.Y> IP^ 

days per yediif with electric energy 10 ceuVs ^« V\Qr«^^ 
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hour, a saving of one of these motors over the other would 
be, full load : — 

ii7oXioX-^^ = 35iokw-hr., 

3510 X 0.10= $351 per year; 



3310X0.10=: $231 per year. 

35. Gapitall2«d, the results are the same from an income 
standpoiat as if the owner of the more efEcient motor had 
laid away $7000 at 5 per cent per annum interest ; or, in other 
words, the owner of the less efficient motor is actually paying a 
premium of 5 per cent per cent per annum on an investment of 
$7000 for the privilege of operating a rather poor machine 
with an extravagant appetite for electric energy. The pur- 
chase and use of inefficient motors may lead to disputed 
biUs and dissatisiied motor users. 

36. Saving in Dollars fob Differences 
at s ct. per kw-hr., motor 
HR. PER Day for 312 Days 



SlIEOF 


Pe> Cent DipresEMCE [N EtFiaENCV *T Fdli Lo*d 


JO 


1 

40-T3 

Si; 


i 

Si. 46 


8,.>a 

■74is6 


4.66 

11 

■ss 
is 


1 

1.6.38 

1(0.9* 


6.Q8 

II 

139-65 

144-39 
179-30 


8.-46 

Si 

3«.Ss 


60.83 

Si! 


■iM-74 

fi 

^66:5! 


IS 
'if. 



POWER ENGINEERING Sec. 5, 37-4J 



THE APPLICATION OF MOTORS TO MAGHINI 

TOOLS 

37. The conditions under which machine tools operate 
are so varied that it is impossible to represent by empirieil 
formulas the exact horsepower which should be used. The 
formulas given in paragraphs 46 to 63 are based on the as- 
sumption that water-hardened tool steel is used at an average 
cutting speed of approximately 20 ft. per minute. 

38. Where high-speed tool steels are used, the horsepower 
required by the machine will increase approximately in direct 
proportion to the increase in cutting speed. 

39. Broadly speaking, the machine tools may be divided 
into two classes; namely, those with direct rotary motion 
of either work or tool, and those with a reciprocating motion 
of either work or tool. The first class comprises lathes, 
boring mills, milling machines, drill presses, etc., while the 
second class includes planers, shapers, slotters, and machines 
of similar character. 

41. Under abnormal conditions of either machine or 
work, the formulas in paragraphs 46 to 63 will give horse- 
powers smaller than those which should be applied. Such 
conditions, however, must be considered as abnormal and 
motors specified with this point in view. 

42. The adjustable speed motor has decided advantages 
in the way of economical production when applied to machine 
tools. With the old method of speed variation, that is, by 
means of cone pulleys or nests of gears, only coarse incre- 
ments in speed are obtainable, which invariably means that 
the machine tool cannot be worked up to the limit of its 
producing capacity. 

43. With the new high-speed steels necessitating greater 
pulling power from the belts and increased strength in the 
gears, reasonably fine increments in speed are almost impos- 
sible, due to the great length of the cone pulleys or the ab- 
normally large size of the change gears required to obtain the 
necessary range of speed variation. The adjustable speed 
motor actually decreases the cost of machiive tool by elimi- 

nating the bulky and expensive speed cYvaxi^^ daNvi^a* 
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44. Machines having Rotary Motion.^ — In general, 
motors to be used for lathes, boring mills, drill presses, etc., 
should be of the shunt wound adjustable speed type with 
good inherent speed regulation. The following formulas 
give a rough idea of the amount of power required by va- 
rious machines. 

46. Engine lathes using one cutting tool of water-hardened 
steel at about 20 ft. per minute: — 

Horsepower = 0.155 — i. 

Heavy engine lathes, such as forge lathes. 

Horsepower = 0.2345 — 2. 

In all cases, 5 = swing of lathe in inches. 

46. For the operation of standard boring mills, using 
one cutting tool of water -hardened steel at approximately 
20 ft. per minute, the following formula will be found to 
represent good practice for heavy work: — 

Horsepower = 0.25 5 — 4. 
Where 5 = swing of mill in inches. 

47. For normal milling machines, using water-hardened 
steel cuttere running at about 20 ft. per minute, the following 
formula will be found useful: — 

Horsepower = 0.3 W. 

Where W = distance between housings in inches. 

48. For normal drill presses, using water-hardened steel 
drills, running at a peripheral cutting speed of approximately 
20 ft. per minute: — 

Horsepower = 0.06 5. 

For heavy radial drill presses: — 

Horsepower = o.i 5. 

Where 5 = swing of drill in inches. 

49. In general, if high-speed tools are used, running at a 
higher cutting speed than those given, the increase in horse- 
power should be approximately proportional to the increase 
in speed. 

60. Machines having Reciprocating Motion. — Machines 
of this character are from their nature less ^^todwclvN^ \.Vsax!k. 

' Pnctice of Westmghousc Electric Manulactviraift Cotcvvasii . 
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machines having a purely rotary motion of either cutter w 
wori^. For this reason it is especially important that ma- 
chines having a reciprocating motion be run to the limit of 
their capacit}'. 

61. This, of course, requires an adjustable speed motor, 
similar to the motor described in connection with rotary 
motion machines, except that in the case of machines having 
a reciprocating motion the conqMnnd wound motor should 
be invariably used. The compound wound motor is useful 
in that at the instant of reversal of the machine tool, when 
the torque required of the motor increases very considerably 
above the normal, the compound winding assists materially 
in holding the inrush of current within reasonable limits; 
and this may be further improved by the use of the fly wheel. 

52. The following figures show average practice, so far 
as horsepower required for operation of some of the typical 
reciprocating machines is concerned. 

63. Normal crank slotters, using water-hardened steels 
at cutting speeds of from 15 to 20 ft. per minute: — 

Stroke Horsepower 

10 inches 5 

18 inches 7 

30 inches 10 

64. Shapers, using water-hardened tool steels at cutting 
st>eeds of from 15 to 20 ft. per minute: — 

Stroke Horsepower 

16 inches 3 

18 inches 3.5 

24 inches 5 

30 inches 6.5 

p5. For normal planers, using water-hardened steel at 
tting speeds of from 15 to 20 ft. per minute. By normal 
itn^^ is meant a planer in which the length of the bed. in 
?\ is approximately two tenths the width between the 
qings in inches. For example, a 48-in. planer would 
' n length of platen of approximately 9.6 or 10 ft. 

Howepower = 3 W. 

^^&t W « width between housings in feet. 
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66. The above formulas are for planers having a ratio of 
euttdng to return speeds of approximately i to 3, and cover 
planers with two tools in operation. If more than two tools 
are used, or if the ratio between the forward and return 
speeds is more than i to 3, the horsepower given by above 
formula should be increased. 

67. It should be noted that where the length of bed is 
greater than that mentioned above, the horsepower should 
be increased. It is a singular fact that the horsepower 
specified in connection with planers is determined more 
by the current inrush at the instant of quick reverse than by 
the horsepower required to actually machine the metal. 
In an extensive series of tests it was shown that invariably 
the horsepower at quick reverse is the deciding factor. It 
is dangerous to greatly overload the motor at the instant of 
quick reverse for the reason that under some conditions, 
as, for example, on very short stroke, the overload on the 
motor may be fairly continuous, and experience indicates 
that motors for operating planers should be rather more 
liberally rated than those for almost any other machine tool 
application. 

68. In connection with lathes, boring mills, milling ma- 
chines, drill presses, slotters, and shapers it has been found 
necessary to devise empirical formulas, which represent the 
horsepower required by the cutting tool as a function of the 
metal removed. These formulas have been extremely useful 
and show an astonishing agreement with tested results 
where the quality of material is known. On account of the 
variations in the quality of the material, however, they are 
not of general application. 

69. The action of a twist drill is peculiar, in that aside 
from the actual cutting action there is more or less of a 
binding action between the drill and the side of the hole. 
The formula connecting the horsepower with the other 
variables is as follows: — 

Horsepower = (K X cu. in. per minute + L) — — •' 

K is the empirical constant, as is also L, Z, however, is 

entirely rational, in that it represents the friction of the drill 
on the side of the hole. 
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60. It has also been found that when drilling horizontally, 
approximately 20 per cent less power is used than in the 
case of vertical drilling, owing to the fact that the drill clears 
itself of chips much more readily. This is particularly true 
in the case of cast iron. 

61. It has been found that the formulas connecting the 
horsepower at the tool with the known variables in the case 
of lathes, boring mills, etc., assimied the following form: — 

Horsepower = LxAxVx{C — r) 

62. In which L is the empirical constant, A is the area 
of the cut in square inches, V is the cutting speed in feet per 
minute, C is the included angle of the tool, Le. 90 deg.— (the 
rake plus the clearance), and r is a second empirical constant. 
It has been found that after the material has once been de- 
termined, this formula is correct to within 10 per cent. The 
above formula applies particularly to wrought iron and 
steel. The formula for cast iron is considerably more com- 
plicated, and for approximate working the above formula 
may be used. The constants depend entirely upon the char- 
acter of material being machined — its hardness, its heat 
treatment, etc., and it will be of little use to give these con- 
stants here. 

63. Aside from the horsepower required at the tool, 
whether it be a lathe tool or drill, it is necessary to obtain a 
definite idea as to the horsepower required to operate the 
various machine tools when running light. It has been 
found from an extensive series of tests that this horsepower 
varies widely, and it is therefore practically necessary in 
each case to make a study of the machine to be motor driven. 
The above formula may be useful in approximating the horse- 
power required under given conditions, but it has been found 
that it is impossible to derive any formula which will take 
account of all of the operative conditions, and the results given 
by the formula must invariably be tempered by judgment, 
based on the character of the work, personnel, and numerous 
other factors. 
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70. Tests of Power taken by Lathes using Vickers' High-speed 

Tool Steel 
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71. Tests on a 30-iNCH Vertical Boring Mill 





Power Taken by Various Cuts in Cast Steel 


Weight on Table, qo-lb. back 


Cut A in. X ^« in. cut at 
4.625 in. radius. 


Cut A in. X ^ in. 

cut at 4-625 m. 

radius. 
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Motor 

output 

hp. 


Metal 
removed 
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hp. 
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Table Speed — 12.5 r.p.m. 
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Table Speed — 11 r.p.m. 
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Table Speed — 10 r.p.m. 












Cutting 


24.22 


0.75 




1.60 




Not cutting 




0.30 




0.30 




Power consumed in cutting 




0.45 


0.85 


1.30 


1.70 


Table Speed — 8.5 r.p.m. 












Cutting 


19.38 


0.63 




1.42 




Not cutting 




0.29 




0.29 




Power consumed in cutting 




0.34 


0.68 


1. 13 


1.36 


Table Speed — 6 r.p.m. 












Cutting 


15-14 


0.46 




1.08 




Not cutting 




0.28 




0.28 




Power consumed in cutting 




0.18 


i o.S^ 


\ 0,^0 


\ ^.cfo 
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Sec. 5, 71 



POWER ENGINEERING 



71. (CotU.) Power taken by Various Cuts in Forged Steel 



Weight on Table. 1 ^-lb. back 


Cutting Tools 


Motor 
Output 


Metal 


GEAR IN. 


Speed ft. 


Cut 




kJKMOVKD 
CU. IN. 

WD IfTV 




per mm. 


inches 


hp. 




Table Speed — 14 r.p.m. 










Not cutting 
Cutting 
Cutting 
Table Speed — 12.5 r.p.m. 


17.7 
33-2 




0-37 
0.63 

1.77 


04 

2.5 


Not cutting 
Cutting 
• Cutting 
Cutting 


23.5 
22 

22 


|xA 


0.35 

1.49 

1.43 
2.22 


1.8 

1.9 
2.6 



71. (CorU.) Power taken by Various Cuts in Soft Cast Iron 



Weight on table, qo-lb. 
back gear in. 


CurriNG Tools 


Motor 


Metal 


Speed ft. 
per min. 


Cut 
inches 


hp. 


REMOVED 

CU. IN. 
PER ION. 


Table Speed — 6 r.p.m. 

Not cutting 

Cutting 

Cutting 
Table Speed — 5 r.p.m. 

Not cutting 

Cutting 

Cutting 
Table Speed — 4 r.p.m. 

Not cutting 

Cutting 

Cutting 

Cutting 

Cutting 


34.4 
32.7 

27-5 
26.16 

22 
20.9 

34.4 
34.4 


AxA 

AXt^ 
Ax jV 


0.28 
1. 14 
2.92 

0.26 
1. 10 
2.36 

0.23 
0.90 

1.58 
1.24 

0.54 


3.2 

S.I 

3.9 
4.1 

3 

3.3 
24 
1.2 



I&4 



POWER ENGINEERING 



Sec. 5, 71-72 



(CofU.) Power taken by Heavy Cuts in Soft Cast Iron 



Weight on table, 6co-lb. 
back gear in. 


Cutting Tools 


Motor 
Output 


Metal 

1> "E* %# /*\\fX* T\ 


Speed ft. 
per min. 


Cut 
inches 


hp. 


CU. IN. 
PER MIN. 


IKot cutting — si r.p.m. 
<^utting — 5i r.p.m. 
Outting — 5 r.p.m. 
<;!utting — 4f r.p.m. 
<^utting — 4} r.p.m. 


34.5 
28.8 

31 
27.8 


Ax A 

AX(^ 


0.27 

2.75 
4.07 

4.20 
5 


7-3 
9.1 

8 

9.1 



72. Tests on a io-ft. Radial Drill 
Power Required for Drilling 



Work 



Drill 



Speed 
r. p. m. 



Feed in. 
per rev. 



Motor 

Output 

Hp. 



Metal 
Removed 

Cu. In. 
PER Min. 



Soft Cast Iroi? 



ij-in. twist drill 

i}-in. twist drill 

2-in. twist drill 

Hole, 5-in. deep, 2 J-in. twist drill 
Hole, 5 J-in. deep, 2}~in. twist drill 
With back gear, 3}-in. twist drill 



45 


0.0055 


0.9 


45 


0.0139 


1. 14 


30 


0.0139 


2.12 


70 


0.0029 


1.80 


30 


0.0135 


1.07 


45 


0.0139 


2-53 


30 


0.0083 


0.98 


30 


0.012 


1.47 


II 


0.0170 


2-35 



0.31 

0.77 

I. II 

0.37 

1.27 
1.96 

0.99 
1.48 

2.06 



Medium Cast Steel 



Maximum safe cut, 2 J-in. twist 

drill 
2T'\pin. twist drill 
Ordinary practice, 2|-in. twist 

drill 
a}-in. twist drill 


30 
30 

30 
30 


0.0135 
0.0076 

0.0072 
1 COOT 2 


2-45 
1.87 

2.10 


1-43 
0.96 

1.07 



i8S 



See. 5> 73 



POWER ENGINEERING 



72. Tests as io-pt. Radial Dkill (Continued) 



I |-in. twist drill 




Babbit Metal 



2-in. twist drill 




Power Required for Counterboring 



Soft Cast Iron 



1 J-in. pilot hole, 2^-1x1. facing bar 
1 J-in. pilot hole, 2i-in. facing bar 
I j-in. pilot hole, 2YVin- facing bar 
2-in. pilot hole, 3 J-in. facing bar 



45 


0.0083 


1.27 


45 


0.0083 


1.37 


30 


0.0083 


1.80 


30 


0.0083 


I.I4 



Medium Cast Steel 



2 J-in. pilot hole, 4 J-in. facing bar 
(back-gcaretl) 




Cast Steel 



2\ in. pilot holo, 4 J -in. facing Ixir j 
(Ixick-gwinxl) 8 



007^ 1.90 



POWER ENGINEERING 



Sec. 5, 73 



73. Rating of Motors Required for Different Presses, 

Punches, etc.^ 



Machine 



PG 6 Ferracute press 
SG 86 Ferracute press 
C 5 Ferracute press direct 

geared 
P 21 Ferracute press i8 in. 

throat direct geared 
DG $6 Ferracute drawing 

press 
P 3 Ferracute press 
P 2 Ferracute notching 

press 
C 92 Ferracute notching 

press 
E 4 Ferracute press roll 

feed attached 
Bliss No. 18 fly wheel press 
Bliss No. 19 fly wheel press 
Bliss No. 20 fly wheel press 
Bliss No. 21 fly wheel press 
Bliss No. 52 fly wheel press 
Bliss No. 30 press geared 
Bliss No. 36 press geared 
Bliss No. 32 double crank 

press geared 
Bliss No. 5 double crank 

press geared 
Bliss No. 47 J press geared 
Bliss No. 74} press geared 

with side cut ofiF slide 
Bliss No. I J toggle draw- 
ing press 
Bliss No. 3i toggle draw- 
ing press 
Bliss No. 68 N fly wheel 

drawing press and roll 

feeds 
Bliss No. 102 cut and 

carry gang press geared 



Hp. OF 

Motor 



7.50 

5 

3 
2 

10 
3 

I 
I 

3 

0.50 

I 
I 
2 
2 

3 
5 



7.50 

I 

4 
5 
5 

2 

3 



Machine 



Bliss No. 105 circular shear 
Bliss No. 105 J circular 

shear 
Bliss 36-in. geared power 

shear, i J-in. sheet steel 
Bliss-Stiles No. o fly wheel 

punching press 
Bliss-Stiles No. i fly wheel 

punching press 
Bliss-Stiles No. 2 fly wheel 

punching press 
Bliss-Stiles No. 3 fly wheel 

punching press 
Bliss-Stiles No. 4 fly wheel 

punching press 
Bliss-Stiles No. 5 fly wheel 

punching press 
Bliss-Stiles No. 5 press 

geared on heavy work 
Bliss-Stiles No. 172 sprue 

cutter fly wheel 
Bliss-Stiles No. 173 sprue 

cutter fly wheel 
Bliss-Stiles No. 200 auto 

matic board lift drop 
Bliss-Stiles No. 400 auto- 
matic board lift drop 
Bliss-Stiles No. 800 auto 

matic board lift drop 
No. 2 Hilles and Jones 

combined punch and 

shear 
No. 3 Hilles and Jones 

combined punch and 

shear with 36-in. throat 

punching ij~in. hole 

through i-in. cast iron 



Hp. of 
Motor 



0.50 

I 

5 
0.50 

0.50 

I 
2 

3 

4 

5 
2 

2 

3 
4 
7-So 



10 



' Motcnrs for press work should in all cases be compound wound, and constant 
care must be exercised in starting on account of the fly wheel, which makes it possible 
to get an extremely heavy inrush of current during the acceVei^^on pettfA. 
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POWER ENGINEERING 



74. PowBB Required to Drive Wood-woksino Hacboiim 





i 


it 


1 


IHlHCHEa 


1 
1 

n 








11 

Ho 


IB 






loin. Circular Hip 
Saw, Belted lo 

lo-'fix. CiT™!^ Rip 
Siiw, Ucllcd to 
,!-hp. motor 

^■'o'a'saw.Bdtnl'to 

"|?S»E 

ig-m. Grcular Rip 

T./hp. molor 
]ft-in.C\it-off5o» 
i^io.CinrularSaH 

Belled lo s-hp. 

Ji^Sciw, Belted to 

S.X'^SS;"BL.d 
Saw, Belled lo 
j-hp. motor 

5. A, Wood .6-in. 
Buu Planer, 
Belied lo s-hp. 

S. A. Wood i4-in. 
(ifart-d lo 5-llp. 

J. A. Wliile i5-!r. 
Cylinder Planer 

S, A.' Wood i4-in. 
Cylinder Plian 

tarld^ 


•O'S 

j6rs 


7606 
7606 

0S6, 

0S95 

oBflS 

q.65 

s 

4800 

4«OD 

1 

4&>o 


Pine 
Maple 

Spr. (wel) 

Aih 
Spruce 

Xlh 

Aih 
Ash 
Ash 

Aih 

sl 

Maple 

?£" 

Pine 

IE""" 

Pine 

a 


3i 


s 


1 

j 


■-S 


!■» 

JJ 

6-3 
8.1 


3-' 

1 

3.6 



fa.i 6 boiaepawec [ect>^n4 U 



POWER ENGINEERING Sec. 5, 74 

74. Power Required to Drive Wood-working Machinery (Coni.) 







i- 




D.MKN5I 
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£ 


g 


W tNCHO 


1 


s 


1 

8 




s' 


SI 


1 


I 


■a 


-a 


S 


¥ 




1" 


S*" 


^ 


11 


t3 


S 


1^ 




« 


£ 




sl 


s 


(i 








J. A. Fa. Double 
H^d liitaulu 
Molder. Each 




















Had belled lo 


4teo 




Ash 










.iS 




S.^A'Si'SS"^.!.. 


4S00 


!"« 


sF" 


— 


>3 


~T 


1-4 






1.8 


Cylinder Planer. 












i 










Geared to j.5- 






Pkie 








>.4 








hp.moi™ 


4000 


JI^O 


Pine 




8 


8 


S.4 


I 






Am. Wood Mfg, 
Bided Mol'det; 






































Brlt«ltDip-hp. 








































MdH'eads Rm- 




















nine 
















10.4 




Same Machine wilh 




















4 Knives nnd 




















Heads Running 










Ligbl 




6.7 


ij.S 




fr-in. Circular Rip 




















Saw Belied [os- 




4136 


Hickorj- 








1.6 








l'«7S 


4136 


Pine 










*.9 




frtof'CbSSLr Rip 




















Saw Belled 10 5> 




















hp. molor 




6S7S 


Simice 










6.9 


J.8 


S-in. Circular Cut- 




















off Saw Helled 






Maple 


S 












toj-hp.molor 
8-fa. Dado Circu- 


13040 


63i» 


Maple 







' 


.1.9 


6:9 


3.8 


lar Sli. Saw 




















Belted to s-bp. 
























S166 


Pine 














g-in. Circular Cut- 




















off Saw Belted to 




















^tgSc.,. 


.T&. 














J.8 


1.8 








































Dull),^Bel(ed*to 




















5-hp motor 












.8JS 


1.1S 






lo-in. Circular Rip 




















,Saw, Belted to 




















as—'"' 


„oo 


SWI 


hIcEo^ 


„ 


— 




;■' 


fij 


7.3 


FedEas» 






^^^ 










^:: 
























"^ff' Saw^Bell^ 




e413 


Maple 










fi.4 




to 5-hp. motor 


l'4!0 


6413 


SprSce 


-^ 





' 


I.S 


6.4 


7.0 
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FANS AMD BLOWERS 

iU. I .> piiKuru fresh air and to keep it in circulation is 

.■'Iiin v)i parlicular interest to those who are compelled 

. .;iui iLinporarily or permanently indoors. In sum- 

.j'vi iaily, anil in inland and low sections of the coun- 

..i;i^;cuKiiis for good ventilation become a matter of 

.... Kw.v^ily to render a store, shop, or factory even 

.. .!a- villi iii^ the hot months, and in the winter it is 

.!I\ iiiiiiin Uint matter where a large number of people 

V ;.i.v, a.^ in audience rooms, banquet halls, clubs, 

.1 M ..LiJi ventilation it is not only necessary to draw 

;, !»ui In remove the vitiated air, and to continue 

..... iiiiU'iinitcly. For many industrial purposes, 

'u- lii'Mriil object is to remove moist air from 

■ . lix Ii liiiiibc-r, cloth, paper, tobacco, or other ar- 

■ : 1;. iv iiaiulisc are being dried, to exhaust those nox- 

. '. :unK-.^ wliiih attend certain processes of manu- 

. ;ii .V a i irculation of air over heated or cooled 

•. -i.;iniaiiiing e([uable temperature in assembly 

■. Miikiiis. 'though this was not formerly an 

.. u»»)m|)lish, apparatus is now obtainable 

. . ::\ i'uuliiie the required results. 

V . uiM;; i.iii of the propeller type is usually fixed 

.•»niiii' in the wall and can be arranged as 

'. . ■»' ilr.iw in fresh air or expel bad. An 

' ■. ■ I Iv placed so that it discharges the air 

»». It'll as the prevailing wind, in order to 

..tiviul with wind ])ressure. The number 

.. 'i 411 lubta and j)robable effects of prevailing 

'• '■ ." .»• Ik' lonsidered carefully in determin- 

■, .m. I'ndcr ideal conditions the room 

. '.'AA have only one inlet for air which 

,,'.•.. jU' iMul of the room from the exhaust 

', an lo be installed, of course, depends 

x'uJilions, but roughly speaking, the 

■ ■» vs-.iul sutficient to provide fresh air for 

' »;s allows for the provision of 2000 

. . s'v;i U»r each occu\iaivV oi xVvt xoota.. 



POWER ENGINEERING 



Sec. 5, 83 



83. Capacity, Speed, and Horsepower of Disk Ventilating 

Fans 
(American Blower Co.) 



An Veloc* 

ITY IN 


Size Fan 


Inches 


Feet per 

MiNXTTE 


z8 


31 


34 


30 


36 


42 


48 


eoo 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


X060 

327 
0.016 


1440 

280 

0.022 


x88o 

245 
0.028 


2940 

196 

0.048 


4230 

165 
0.064 


5772 

Z40 

0.087 


7536 

122 

0.113 


Heater 


Rev. per min. 
Hp. 


530 
0.053 


453 
0.072 


396 
0.094 


317 
0.147 


267 
0.212 


227 
0.288 


197 
0.377 


700 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


1235 

370 

0.025 


1680 

328 

0.035 


2200 

280 
0.045 


3400 

230 

0.070 


4940 
190 

O.XIO 


6730 

164 

0.136 


8800 

145 
0.178 


Heater 


Rev. per min. 
Hp. 


600 
0.071 


530 
0.096 


458 
0.126 


372 
0.196 


307 
0.283 


266 
0.384 


234 
0.503 


800 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


1410 

435 
0.036 


1920 

373 
0.048 


2510 

326 

0.068 


3820 

2(^ 
0.098 


5650 
218 

0.142 


7700 

187 
0.192 


10300 

164 

0.251 


Heater 


Rev. per min. 
Hp. 


0.106 


604 
0.149 


527 
0.189 


424 
0.194 


353 
0.426 


302 
.579 


265 
0.756 


900 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


1584 

490 

0.048 


2160 

425 
0.065 


2826 

368 

0.085 


4410 

285 
0.132 


6354 

246 

0.190 


8650 

210 

0.258 


11304 
184 

0.338 


Heater 


Rev. per min. 
Hp. 


792 
0.143 


770 
0.195 


595 
0.254 


461 
0.397 


398 
0.572 


340 
0.780 


298 
1.02 


000 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


1770 

545 

0.057 


2400 

470 

0.080 


3140 

406 

0.104 


4900 

328 

0.142 


7060 

275 
0.233 


9610 

234 

0.317 


12560 

205 

0.413 


Heater 


Rev. per min. 
Hp. 


883 
0.204 


760 
0.276 


657 
0.362 


S30 
0.565 


445 
0.814 


378 
I. II 


332 
1-45 


goo 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


2112 
654 

O.IOI 


2880 

560 

0.138 


3768 

490 

0.180 


5880 

398 

0.280 


8472 

330 

0.405 


"541 
280 

0.550 


15072 

245 
0.716 


Heater 


Rev. per min, 
Hp. 


1059 
0.300 


912 
0.409 


788 
0.534 


636 
0.832 


534 
1.20 


453 
1.64 


396 
2.14 


400 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


2475 
767 

0.133 


3360 

655 
0.180 


4400 

570 

0.235 


6850 

460 

0.368 


9870 

388 

0.530 


13470 

327 
0.721 


17600 

286 

0.942 


Heater 


Rev. per min. 
Hp. 


1235 
0.487 


1064 
0.660 


919 
0.864 


742 
'•35 


623 
1.95 


528 
2.64 


463 
3-46 


900 


Free 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


2830 

875 
0.185 


3850 

750 

0.252 


5000 

656 

0.330 


7810 

526 

0.51S 


11300 

438 

0.742 


15400 
375 

I.OI 


20050 
332 
1.34 


Header 

/ 


Rev. per min. 
Hp. 1 


1412 
0.735 


1216 
1. 00 


1050 


\ 2.04 




\ K 
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Sec. 5, 80-82 



POWER ENGINEER f? 



FANS AND BLOWEF 



tr t 



80. To procure fresh air and to kc. 
a problem of particular interest to tho.- 
to be either temporarily or permanent 
mer, especially, and in inland and lo.. 
try, arrangements for good ventilali 
V)usiness necessity to render a store 
6abitable during the hot months, c 
an equally important matter where ,. 
congregate, as in audience roon - 
etc. 

81. For such ventilation it is r- 
in ])ure air, but to remove the vi: 
this ])rocess indefinitely. For '^ 
however, the desired object is v 
rooms in which lumber, cloth, ;• 
tides of merchandise are beinj; 
ious gases or fumes which attei. 
facture, or to cause a circulati*.- 
pij)e coils for maintaining ciii:- 
rooms or a])artments. I'hdi: • 
easy matter to accomy)lish. 
which will readily ])r()duce t!- 

82. A ventilating fan of ■' 
in a circular aperture in t' 
desired — either to draw i- 
exhaust fan should be })].•• 
in the same direction a^ 
avoid having to contend 
and location of air inlets 
air currents should alst^ b- 
ing the place for the fan. 
to be ventilated should 
should be at the opposiu- • 
fan. The size of the fan . 
largely uy)on local com' 
38-inch size will be fcnin- 
25 or 30 ])ersons. Th' 
cuhk feet of air ])cr hoii 



• \\ 



»• i, 



* » 1 



f-r-^ 



■ . ■■ / 


74 I JO 

545 
I..i4 

5.15 

15520 

1.70 


, T';240 

470 

1.83 


^ 


.<.f>o 


755 
7.05 




10.SOO 

720 
1.18 


21130 

515 
2.31 


= 


1163 
4.70 


071 
6.80 


830 
9.25 





IxrHES 



•^c 



•v 



.xvo 



»OJ 



84 


96 


XO8 




23000 

70 

0.34s 


30156 

62 

0.450 


38160 

55 
0.573 




113 
1.15 


100 
1.51 


80 
x.gi 




26050 
82 

0.548 


35016 

72 

0.740 


44500 

62 

0.905 




132 
1.54 


116 
2.10 


100 
2.52 




30400 

04 


40150 

83 
1. 00 


50900 

73 
1.27 




In » 


1 134 


118 
i^ i.8i 


\ 



^n^R ENGINEERING 



Sec. 5, 83 



•POWER OF Disk Ventilating 



K'HEi; 





1.- i 
O.OIO 

351 

2.70 

22270 

-'54 
1.19 


t 

II-' 

If 16 

o.f..|7 

2.2U 
235()ft 

1. 13 


— 1 

.7<'-' 

2.j«; 

2.S270 

136 

0.933 


84 

34^»42 

106 

1.04 


96 


ZO8 


120 




45234 

93 

1-35 


57250 

82 

1.72 


70650 

74 
3.12 




173 
3.12 


150 
4.07 


132 

5-15 


119 
6.36 




38480 
120 
1.27 


5026s 

103 
1.66 


63600 

91 
2.09 


78540 

82 

2.56 




220 
3.26 


194 
4.44 


167 

5-77 


147 
7-33 


132 
90.5 




33900 

164 

1.62 


46176 

140 

2.20 


60312 
124 

2.87 


76300 

no 

3.63 


94240 

99 
4.48 


■ T :-.in. 


322 
3-37 


264 
4.85 


234 
6.60 


200 
8.63 


176 
10.8 


160 
13.3 


' =.. i";. p. min. 

'I'l-v. inT min. 

Up. 


27500 
230 
1-55 


39600 

190 

2.12 


53000 

164 

2.89 


70300 

144 

3.77 


88950 

128 

4.77 


109500 

"5 
589 




ter 

"" 
c 


k,v. i^T min. 
Up. 


410 
4.38 


376 
S-40 


308 

7.88 


274 
10.6 


234 
13.8 

80000 

165 
5.28 

268 
20.9 


205 
17.5 


184 
21.6 


t'li. ft. p.min. 

Kfv. ixT min. 

Up. 


25400 

2g8 

1.67 


31400 
264 
2.06 


45200 
220 
2.97 


61500 

188 
4.05 

314 
16.0 


I0T200 
146 

6.68 


125200 

131 
8.25 


Rev. iKT min. 
Up. 


468 
6.62 


429 
8.17 


352 
11.8 

Siooo 

245 

3-97 


234 
26.5 

I 14000 

163 

8.90 


2IO 
32.7 


Cu. ft. p. min. 

Rev. ]XT min. 

Hp. 


28600 
330 

3.22 


3S200 
294 

2.75 


6qooo 

210 

5-39 

354 
23.0 


90200 

185 

7.04 


I4IOOO 

148 

II.O 


:er 


Rev .per rain. 
Hp. 


526 

9SO 


483 
11.7 


396 
16.9 


302 
30.0 


263 
38.0 


236 

47-0 


e 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


31800 
363 

3-02 


39260 

327 

3-73 


56510 

272 

5.38 


76960 

234 

7-31 


100520 

206 

9.55 


127200 
182 

I2.I 


157100 

164 

14.9 


;cr 


Rev. per min. 
6p. 


S8S 
11.7 


528 
14.5 


440 
20.8 


380 
38.3 

84700 

257 

9-25 


336 
37-0 


292 
46.8 


262 

57.8 


e 


Cu. ft. p. min. 

Rev. per min. 

Hp. 


35000 
400 
3.82 


43200 

360 

4.72 


62200 

300 

6.79 


iio<;oo 

228 
T2.I 


139800 

202 

15.3 


X72<;oo 

175 
18.8 


:er 

1 


Rev. per min. 
Hp. 


645 
153 


582 
18.8 


485 
27.0 


415 
370 


368 
48.2 


323 
61.0 


284 
^ 82/3 
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86. Data oh Voldme Blowers' 
(Type V, American Blower Co.) 
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Sec. 5, 87-89 



B7, Motor Rating required for Volume Blowers given in 

Table 86 



i^-oz. Pressure 


2-oz. Pressure 


3-oz. Pressure 


No. of Fan 


Motor Rating 
Hp. 


No. of Fan 


Motor Rating 
Hp. 


No. of Fan 


Motor Rating 
Hp. 


3 
4 

5 
6 

7 
8 

9 


0-75 

1-25 
2.CX> 

2.75 
3.50 
4-50 

5-75 


3 

4 

5 
6 

7 
8 

9 


I.IO 

2.00 
3.00 
4.00 

5-50 
7.00 

9.00 


3 
4 

5 
6 

7 
8 

9 


2.00 
3-50 

5-25 

7-50 
10.00 

12.75 
16.00 



88. Power required to drive Air Compressors 







• 

!z; 


Q . 


.^ « 


H U 





Diameter 
Cylinders 


Stroke 
In. 


^•4 

M 

U 

1 


Piston Spee] 
Ft. per Min 


Capaqty Ci 
Ft. Free Ai 
PER Min. 


Air Pressur 
designed fo 


Horsepower 
necessary T( 

OPERATE 

Compressor 


6^ 


6 


150 


150 


29 


45 to 100 


3.5 to 5.5 


8 


6 


150 


150 


51 


20 to 45 


3-5 to 6 


10 


6 


150 


150 


81 


15 to 20 


4 to 5.5 


8» 


8 


150 


200 


69 


50 to 100 


9 to 13 


10 


8 


150 


200 


108 


30 to 50 


10 to 13.5 


12 


8 


150 


200 


156 


20 to 30 


10 to 14 


10 1 


10 


150 


250 


134 


55 to 100 


18 t6 26 


12 


10 


150 


250 


194 


35 to 55 


19 to 26 


I4i 


10 


150 


250 


266 


25 to 35 


21 to 26 


i6J 


lO 


150 


250 


348 


15 to 25 


18 to 27 


I2i' 


12 


150 


300 


236 


60 to 100 


34 to 45 


I4i 


12 


150 


300 


317 


40 to 60 


35 to 45 


16J 


12 


150 


300 


414 


30 to 40 


37 to 45 


i8J 


12 


150 


300 


526 


15 to 30 


28 to 47 



» These compressors have piston inlet valves. 

89. Table 83 gives the cubic feet of air per minute which 
can be handled by fans of various sizes running at certain 
speeds and requiring a given horsepower, both for o^^etatloxv 
in free air and in connection with a VveateT. '^ox ^^■a.xw^^^'^ 
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Sec. 5, 90-93 POWER ENGINEERING 

42 -inch fan working with a free and unobstructed discharp 
will deliver 11,541 cu. ft. of air per minute, producing a 
velocity of 1200 ft. per minute, when running 280 revolutions 
per minute, and will require 0.55 hp. for oj>eration. Who 
attached to a heater composed of coils with proper free aiei 
in order to deliver the same amount of air at the same 
velocity, the fan will have to run 453 revolutions per minute, 
requiring 1.64 hp. for operation. 

90. It will be observed that in doubling the si>eed of the 
fans referred to in Table 83, the air capacity of the same 
fan is doubled or approximately so, and that the horsepower 
required is more than proportional to the increase. 

AUTOMOBILE OHARGINa 

91. This is a load that can be worked in very nicely at 
convenient times, when the load on the power lines is low. 
By arranging for off-peak service special rates to automobfle 
charging stations may be made. 

92. For city work the electric automobile is becoming 
more and more popular. It is especially suited for trucking 
and delivery service where vehicles are continually circu- 
lating from a central point. The control is so simple that 
any untrained man can operate it. The cost of maintenance 
is low and regular, and in point of reliability it is superior 
to the gasolene engine, especially when unskilled drivers 
are in charge. The life of a battery is from 8000 to 12,000 
miles. 

93. Until comparatively recently it has been the practice 
to use a motor generator set in charging automobile bat- 
teries from an alternating current service. During the past 
few years, however, the mercury vapor arc rectifier has come 
rapidly into favor because of the simplicity of its operation, 
and also because of its economy, the alternating current 
being transformed thereby into direct current with about 
one half the loss of the motor generator outfit. The rectifiers 
come in four standard sizes of 10, 20, 30, and 40 amperes, 
and are furnished for no, 220, and 330 volts alternating 
current. The rectifier is designed for use on 6o-cycle alter- 
nating current, but will operate satisfactorily from 25 to 
J40 cycles, the direct-current maximum no\V^^^ Xifeva.^ \\ 
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POWER ENGINEERING Sec. 5, 94-^)7 

: per cent higher when operated at 25 cycles, and 15 per cent 
oc lower when operated at 140 cycles, thap at 60 cycles. 
^ 94. The direct current furnished by the rectifier will have 
L. about 50 per cent of the voltage of the alternating-current 
i service circuit; in other words, a 2 20-voIt alternating-current 
D service circuit will give about 115 volts in direct current at 
1 full load, but this may be cut down, by varying the rheostat 
and the reactance, to about 45 volts. The efficiency of the 
f rectifier is over 75 per cent from quarter to full load with 
j^ 80 volts direct current, and runs from 80 per cent to 85 per 
f cent from quarter to full load at 112 volts direct current. 

ELEVATORS 

95. The electric elevator is coming more into use for 
passenger and freight service. It is in every way superior to 
the old mechanical drive, and its cost and operating expense 
are less than the corresponding cost for hydraulic installa- 
tions, this being especially true in small plants. The electric 
machine is more efficient, takes less space, is less compli- 
cated, and requires less attendance than the hydraulic type. 

96. The electric elevator is easily equipped with safety 
devices such as automatic stops, which operate when all 
doors are not closed or when the car passes a given point. 
The push-btttton elevator requires no regular operator. 
The passenger operates the car by pushing a button cor- 
responding to the floor desired ; the car goes to that floor 
and stops of its own accord, and when the door is closed, it 
proceeds to answer the next push-button call, stopping 
automatically at the floor from which the call originated. 

97. Tables 98 to 102 show the eneigy co|isumption and 
cost of operation for various classes of elevator service. 
The average hydraulic elevator consumes about 6 kw.-hr. 
per car mile, while the straight electric consumes only about 
3.5 kw.-hr. per car mile. 

Comparison of average monthly consumption of energy 
per horsepower in the case of the motor-driven elevators 
in Tables 98 to 102. 

The cost of the elevator service as given in the tables is 
based on the rates made by one of the larger central stations^ 
but rates, of course, vary. 
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98. Small Belt-connected Freight Elevators used for 

Infrequent Service 



Hp. of Motor 


Average Kw.-hr. 
PER Month 


Average Kw.-hr. 
PER Hp. per Month 


Average 
Monthly Bqi 


15 
12 


130.3 
115.1 

405.2 


8.68 
7.67 
33.8 


S13.03 
11.51 

30.26 


10 
10 


44.0 
20.6 


4.4 
2.06 


440 
2.06 


10 


94.3 


9-43 


9-43 


10 
10 
10 


38.6 

125-7 
106.3 


3.86 

12.57 
10.63 


3.86 

12.57 
10.63 


10 
10 
10 


97-3 
51.2 

62.5 


9-73 
5.12 
6.25 


9.73 
5." 
6.25 


10 

9 
7-5 


66.13 

31.6 

14.8 


6.61 

3-51 
1.98 


6.61 
3.16 
1.48 


75 

7-5 
7-5 


33.2 

37-2 
10.4 


4.43 
4.96 

1-39 


3-32 
3-72 
1.04 


7.5 
7.5 
7.5 


29.1 

52.3 
7-75 


3.88 
7.0 

1-03 


2.91 

5-23 
0.78 


7-5 

7.5 
7-5 


144.0 
60.2 
60.6 


19.2 
8.03 
8.08 


14.40 
6.02 
6.06 


7.5 
7.5 
7.5 


10.31 
60.61 

32.9 


1-37 
8.08 

4.38 


1-03 
6.06 

3-29 


7 

7 
7 


44.9 
32.6 

91.3 


6.41 
4.66 
13.0 


4.49 
3.26 

8.69 


5 
5 
5 


49.4 
7.8 

49.8 


9.9 

1.56 

9.96 


4.94 
0.78 

4.98 


5 
5 


91.5 
30.8 

97-44 Av. 


18.3 
6.16 


9-iS 
3-08 


8.41 Av. 


8.01 Av. 


$6.38 Av. 
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99. DnUECT-CONNECTED FREIGHT ELEVATORS 



Hp. of Motor 


Average Kw.-hr. 
PER Month 


Average Kw.-hr. 
PER Up. per Month 


Average 
Monthly Bill 


7-5 

lO 
lO 


40.1 

49-6 
192.6 


5.34 

4.96 

19.26 


$ 4.0I 

4.96 

19.26 


12 
12 


707.4 
282.3 


58.9 
23.6 


45.70 
22.83 


12 


102.3 


8.5 


10.23 


12 

15 
15 


294.1 
80.6 
68.6 


24.5 
5.37 
4.57 • 


23-59 
8.06 

6.86 


17.5 


1 14.7 


6.56 

15.71 Av. 


11-47 


12.3 Av. 


193.2 Av. 


$15.69 Av. 



100. Direct-connected Passenger Elevators 



Hp. of Motor 


Average Kw.-hr. 
PER Month 


Average Kw.-hr. 
PER Hp. per Month 


Average 
Monthly Bill 


I 7 
I 7-5 
I 7-5 


203.1 
771-4 
177-5 


29. 
102.8 

23.7 


$18.18 

48.57 
16.77 


I — 10 
I — 10 
I — 10 


509.2 

259-7 
153-4 


50.9 

25-97 

15-3 


35.41 
21.17 

15.61 


1 — 10 

2 — 12 
I — 12 


82.0 

1694.3 
786.9 


8.2 
70.6 
65.6 


8.20 
83.16 
49-45 


I 13 
I 15 
I 15 


738.1 
527-0 
345.4 


56.8 

35-1 
23-03 


46.91 

36-35 
37-27 


2 15 

I 15 
I — 16 


1450.7 

685.7 
682.9 


48.3 
45-7 
42.7 


75-15 
44.29 
44-15 


I — 22 


1122.5 
638.5 Av. 


5I-I 
43.6 Av. 


62.90 


12.32 Av. 


$33.87 Av. 

1 
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101. Hydraulic Passenger Elevators 



Hp. of Motor 


Av. KW-HR. 

PER Month 


Av. Kw-HS. FES 

Hp. PER Month 


Av. Monthly Bu 


lO 
lO 
lO 


476.9 
861. 1 

361.1 


47.69 
86.11 

36.0 


S 33-73 
52-44 
28.15 


ID 

IS 
15 


754.4 

1880.5 

499.0 


75.4 
125.4 

33-27 


47-38 
87-31 
34-95 


20 
30 


2198.0 
2962.5 

1 248. 1 Av. 


109.45 
98.75 

83. 20 A v. 


101.64 
133-56 


15 Av. 


$ 64.89 Av. 



102. Energy Consumption of Elevator Motors. 




z 

Q 


PQ 


Elev. Max. 
Load in Lb. 


Trips per 
Hour 


Trips per 
Month 


Length of 
Trip 


Car Miles 
PER Month 


Total Car 
Miles per 
Month 


.1 


"2 


Office 


I 


2000 P. 


36 


9288 


IS4' Zl 


271.3 


5S3.2 


1215.0 


3.19 


I 


2000 P. 


36 


9288 


160' z" 


381.9 








Office 


4 

I 


3200 P. 
3200 P. 


22 
22 


5720 
3432 


314' a" 

365' 0" 


340.S 
239.3 


1601.3 


SS22.0 


345 


Office 


4 


2600 P. 


34 


782s 


322' 0* 


477.2 


1908.8 


5525.0 


2.89 


Office 


3 


2500 P. 


30 


7800 


318' 0* 


469.7 


1409. 1 


3976.7 


3.83 


Office 


I 


3100 P. 


30 


9360 


'43; < 


431.3 


902.8 


2909.4 


Z.2» 




I 


3100 P. 


30 


9360 


266' 0* 


471-5 










2 


3000 P. 


30 


7800 


280' 0" 


411.7 


I774-0 


50x3.6 


2A2 


Mail Order 


2 


5300 F. 


15 


4290 


280' o'' 


227.5 










2 


3000 F. 


IS 


4290 


280' 0** 


227.S 










I 


3000 F. 


IS 


4290 


50' 0* 


40.6 










2 


2750 P. 


40 


10400 


260' 0" 


512. 1 


2600.2 


7308.3 


3.81 


Wholesale 


3 


3600 F. 


14 


4004 


260' 0" 


197.0 








Hardware 


I 


2500 F. 


14 


4004 


260' 0" 


197.0 










4 


6000 F. 


14 


4004 


260' 0" 


197.0 









Note. — Tests of 33 of the large-sized passenger and freight eleva- 
tors of the drum type, the data being taken from buildings in which 
the elevators have very heavy work, and where they are operated 

mainly on a regular time schedule. 

■ 

^ These figures are very low. Average New York practice is nearer 3.5 
to 4.0 kw-hr. per car mile. 
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Sec. 5, 103-104 



CE-MAKIN6 AND REFRIGERATING MACHINES 

)3, Refrigerating machines in large part make use of 
lonia in the production of low temperatures. The 
lonia is drawn into a compression chamber, and com- 
sed to a pressure of approximately 150 lb. per square inch, 
compressed gas then passes into a condensing chamber 
aining series of pipes or coils over which cold water 
3. Under the combined influence of the pressure pro- 
)d by the compressor and the cooling influence of the 
T, the gas becomes liquefied. The liquid ammonia then 
es into a receiver, where it is stored. From this receiver, 
n the machine is in operation, the liquid ammonia passes 
le expansion coils, and there expands to a gaseous form, 
rbing large quantities of heat, and performing the actual 
: of refrigeration. The amount of heat so absorbed or 
n up is equal to the amount that was previously given 
o the water during the condensation of the ammonia 
L a gaseous to a liquid form. 



Capacities of Ice Machines, and Horsepower required 

TO operate Them 



Refrigerating 


Ice-making Capactty 


Horsepower 


ACITY 

24 


IN XONS PER 

Hours 


IN Tons 


PER 24 Hours 


Required 




O.S 




0.25 


I 




I 




0.5 


2 




2 




I 


4 




3 




1.5 


6 




5 




2.5 


9 




8 




4 


13 




10 




5 


15 




12 




6 


17 




16 




8 


22 




20 




10 


26 




25 




12.5 


32 




30 




15 


37.5 




35 




17.5 


43 




40 




20 


48 




50 




25 


60 

1 
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106. Another form of machine frequently used, and in 
more favor with some people^ is the carbonic anhydiide 
machine using carbon dioxide (COg). This machine has two 
special advantages at least : the absence of the smell of am- 
monia, and the fact that in case of fire in the refrigerating 
room, a safety valve opens at a slight increase of tempaa- 
ture, and fills the room with the gas, which drives out the 
oxygen and stops combustion without injury to the contents 
of the room 

106. The horsepower in Table 104 is based on condensing 
water (the water used for cooling) of a temperature of 70 
deg. F. When condensing water of a higher temperature 
is used, the consumption of power will increase accordingly. 

107. Ice machines are used not only to make ice, but 
also in cold storage rooms. In such cases it is customary 
to allow about 5000 cubic feet per ton of installed refrigera- 
tion capacity. The average heat of articles submitted to 
cold storage is 78. Allowing 50 per cent for radiation, a 
one-ton machine will take care of — 

284000 T5 . 

— - — = 142000 B. t. u. 
2 

Assuming the average temperature of the stock to be 78 
deg, F., a one-ton machine will reduce to 32 deg. F. 

142000 tl V 

= 4000 lb. per 24 hours. 

(78 -32) X 0.78 ^ ^ ^ 

108. It was found in the experience of the large electric 
central station that for cooling water, refrigeratdng meats, 
and cooling candies the average cost per horsepower of 
motors connected was about $3.50 per month — the average 
motor installation in the cases examined being 15 hp. and a 
maximum average charge of about $4.50 per connected 
horsepower per month applying to the refrigeration of meats, 
and a minimum average charge of about $1.25 per connected 
horsepower per month applying to the cooling of water. 

109. Artificial refrigeration is not only the cheaper, but 
it is also a much cleaner and handier method in all respects, 
and its field of application is a broadening one. The artificial 
manufacture of ice is also a profitable undertaking, depend- 
ing upon locality, quantities produced, and cost of natural 

ice. 
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LOAD FACTORS 

110. Load factor is defined in several different ways, 
but its general significance is the same in all cases; namely, 
it is a measure of the ratio of the average consumption of 
an installation to the maximum. The average is usually 
taken to be the total energy in kilowatt-hours divided by 
the time of operation, while there are several ways of fixing 
the maximum. It may be taken as the sum of the full-load 
ratings of all apparatus connected to the lines; or, it may 
be taken as the actual maximum demand registered by a 
maximum-demand indicator; or, it may be determined by 
the maximum load sustained for a given time as shown by 
a recording wattmeter. In Table 114 shown herewith it is 
assumed as the ratio of the actual average load to the maxi- 
mum, the operating time being taken as 350 hr. a month. 

111. An examination of the list of average loads in Table 
114 will reveal a considerable difference in favor of the 
individttal motor drive over the group drive, as shown in the 
percentage of average load to full connected motor load, that 
is, load factor. This difference, however, does not indicate 
the exact difference in consumption of energy, since the rating 
of a group-drive motor installation is usually only about 
from 75 to 80 per cent of that of an individual motor drive. 
The latter, however, is certainly more economical in many, 
if not in most, instances; the saving usually effected being 
largely in excess of the interest and depreciation charges on 
the extra cost of installing the additional motors required. 
It should be noted that the average loads designated in 
Table 114 are based in nearly every instance on a number 
of cases, which cases naturally vary considerably among 
themselves. Therefore, in estimating the probable average 
load in any given case the solicitor must exercise good judg- 
ment, that kind of judgment which develops through ac- 
quaintance with factory conditions. 

112. The load factor of an installation has an important 
bearing on the cost of supplying the energy. The central 
station must be equipped to supply at a moment's notice 
the maximum demand of the system, and the greater the 
difference between this maximum and l\ve ^NW^'^^tVi'sA^'CjesR. 
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greater will be the cost of producing a given amount of en- 
ergy. The first cost of equipment is, of course, dependent 
upon the maximum demand, while the operating cost is 
greatly increased by fluctuating load. This is especially 
true with the steam-generating part of the plant where boilers 
must stand with banked fires waiting for heavy loads of 
short duration. If a customer's load comes on at any time 
when the station load is light, the company can well afford 
to make a considerable reduction in the rate as an induce- 
ment rather than operate at a low-load factor. When fig- 
uring the probable monthly bill of a given installation, 
multiply the maximum power by the load factor to get the 
average load, and then multiply the product by the hours 
of operation per month, which will give the total kilowatt- 
hours per month. 

113. Power Loss in Line Shafting 







Percentage 


HORSBFOWn 




Total 
Horsepower 


OF Total 


absorbed 


Class of Work 


Power to 

DRIVE 


PER 

100 Feet 0? 






Shafting 


Shafting 


Wire drawing and polishing 


400 


39 


14.0 


Steel stamping and polishing 


74 


77 


9.8 


Boiler and machine work 


38 


65 


4.77 


Heavy machine work 


112 


57 


5.7 


Heavy machine work 


168 


54 


8.55 


Light machine work 


40 


51 


2.75 


Bridge-building machinery 


59 


81 


3.28 


Manufacture of small tools 


74 


54 


8.0 


Manufacture of small tools 


47 


52 


2.5 


Sewing machines and bicycles 


190 


57 


4.36 


Sewing machines 


107 


70 


5.08 


Screw machines and screws 


241 


47 


6.33 





A^S^ 



S» IM 



4. Load Fjutqbs kk T>»f^\atia 0.m<Kis of Ssmcs: 



Smxxirx. 



r jmsikx. 



Jkvs. ILv-HiL.' 



Cdct 



mpresBOT for dacicw 



IniSr. 



i>^ 



6.1 



ad 

ad 

cker 

I £acbRT 

naJnifarfuTc 

ng marhmc 
: washer 

oaker (paper) 
Eictory {wo yd) 
smitli 

and shoes 
- shop 
' shop 

fimsbing 
a mamifacture 

;ries 

I manufacture 

lers and packers 

lers and packers 

Y manufacture 

Y manufacture 

;t cleaning 
ige building 

ige building 
nt-mixing machinery 

lical works 

ing manufacture 



donp 
Giocp 

Gicfsp 
ladiT. 

OlDCp 

Gromp 
Gioop 

Gioop 
Group 
ladir. 

Group 
Group 

Group 
Group 
Group 

Indiv. 

Group 

Indiv. 

Group 
Group 

Indiv. 
Group 

Indiv. 
Group 



51-0 

65.0 

30.0 
56,0 

7S.0 
S4.0 t 



131^ 



117,0 
6a.3 

176.S 

S0.0 



40.0 
96.0 
30,6 

7^ 

338 
54.0 

60.8 
I03-5 



t^5 

30.1 

5cxS 

t7^ 

4>o 
«3.4 

13.S 
^S 

lis 
30.1 

130 

•3-44 
3*^^ 



id factor here signifies the radoof the&ctual aiersy used in kikmatt dour* 
udmam kUowatt hours which would be i&sed. ii«t« ^^ teikA2QK%Xs^t« 
•jso boars pec month, . . . 
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114. Load Factors for Different Classes of Seevke 

(Coniinued) 



Service 


Kind 
OF Drive 


AvG. Kw-Hr 

Per Month 

PER Hp. 


Load Fact(i 
PER Cent 


CofiFee mills 
Cotton mills 
Concrete mixer 


Indiv. 

Group 

Indiv. 


39.5 
162.2 

78.0 


15.2 
624 

30.0 


Corrugating machine 
Dairy machine 
Dye works 


Group 
Group 
Group 


40.5 
156.0 

54.6 


15.6 
60.0 

21.0 


Electrotypers 
Electrotypers 
Elevator builders 


Group 

Indiv. 

Group 


124.7 
58.8 
64.8 


46.9 
22.5 
24.9 


Feather cleaning 
Feather renovator 
Foundries 


Indiv. 

Group 

Indiv. 


67.0 
61.0 

55-7 


25.7 
23.5 
21.3 


Foundries 

Furniture manufacture 

Furniture manufacture 


Group 

Indiv. 

Group 


114.0 
81.9 

93-0 


43-7 
31.S 
35-6 


Flour mills 

Gas engine builders 

Gas meter manufacture 


Group 
Group 
Group 


125.0 

158.0 


48.1 
19.6 
60.8 


General manufacture 
General manufacture 
Glass grinding 


Group 

Indiv. 

Group 


96.0 
41.0 

95-5 


37.0 
15.8 
36.6 


Grain elevators 
Grain elevators 
Grain and feed mill 


Group 

Indiv. 

Indiv. 


85.0 
26.0 
40.0 


32.6 

lO.O 

15.5 


Grinding and pulverizing stone 

Harness shop 

Hoist unloading vessels 


Indiv. 
Indiv. 
Indiv. 


100.9 
8.0 
9.6 


38.8 
3-1 
3.7 


Hoist and conveying 
Ice machines 


Group 
Indiv. 


56.0 
127.0 


21.5 
49.0 


Ice-cream makers 
Ice-cream manufacture 


Indiv. 
Group 


20.0 
22.0 


7.7 
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Load Factors for Different Classes of Service 

(Contintied) 



Service 


Kind 
OF Drive 


AvG. Kw-Hr. 

PER Month 

PER Hp. 


Load Factor 
PER Cent 


y manufacture 

iealer 

ry 


Group 

Indiv. 

Group 


82.5 

21.8 

88.7 


31.6 

8.4 
34-0 


itory metal, testing 
jr cutter (stamping) 


Indiv. 
Indiv. 
Group 


66.3 
1.8 

104.0 


25.5 
0.7 

40.0 


pe 

ne shop 

ne shop 


Indiv. 
Indiv. 
Group 


99.6 
42.8 
89.7 


38.3 
16.5 

34-4 


B finishing 
e finishing 
jss and bed manufacture 


Indiv. 

Group 

Group 


53.0 
98.8 

208.0 


20.4 
38.0 
80.0 


-aper 


Indiv. 


39.3 


15.1 


laper 

lental iron works 

dealers 


Group 
Group 
Indiv. 


99.2 
98.0 
42.0 


38.0 

37.7 
16.3 


factories 
manufacture 
a. maker 


Indiv. 

Group 

Group 


46.0 
65.0 
67.6 


17.7 
25.0 
26.0 


- manufacture 
ig, job 
ig, job 


Indiv. 
Indiv. 
Group 


lOI.O 

65.2 
76.S 


38.8 
25.0 
29.4 


ig ink manufacture 
packers 


Group 
Group 


104.0 
109.0 


40.0 
41.9 


y 

(oil) 
»ing and pipe fitting 


Group 

Indiv. 

Indiv. 


8.8 
18.2 


3-4 

3-0 
7.0 


dng 

ad switch manufacture 

eration, meat 


Group 

Indiv. 

Indiv. 


56.1 
8.8 


21.5 
3.4 
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114. Load Factors for Different Classes of Service 

(Concluded) 



Service 



Refrigeration, bottler 
Refrigeration, dairy 

Rubber manufacture 

Rubber works 
Sausage maker 
Seed warehouses 

Sheet-metal works 
Shirt manufacture 

Soap manufacture 
Spice mill 
Spice mill 

Steel casting 

Structural steel manufacture 

Stone cutting 

Stone cutting 

Stone granite polishing 

Structural steel 

Tannery 

Testing Laboratory 

Tobacco 

Top-roll rovcrcr 
Tolcplionc company 
Trunk manufacture 

Welding 

Whecl-liring machine 
Wheelwright 

Wood -working 
Wood-working 

Woolen mills 

Wall paj>er manufftrh**- 

Wagon builders 



{ 



Kind of 
Drive 



Indiv. 

Indiv. 

Group and 

Indiv. 

Indiv. 
Indiv. 
Group 

Group 
Group 

Group 
Group 
Indiv. 

Indiv. 
Indiv. 
Indiv. 

Group 

Indiv. 

Group 

Group 

Indiv. 

Group 

Group 

Indiv. 

Group 

Group 

Indiv. 

Indiv. 

Indiv. 
Group 

Group 
Group 



Ave. Kw-Hr. 

PER Month 

PER Hp. 



Load Facioi 
per Cent 



} 



122.7 

173-0 

52.0 

53.8 
38.2 
44.0 

70.0 
83.2 

64.0 
68.0 
52.2 

95.8 

48.3 
81.0 

lOO.O 

28.1 
81.0 

II7.0 

1.8 

76.0 

130.0 

104.0 

5.2 

15-3 
9.6 

48.6 

34.0 
59-8 

140.0 
65.0 
26.0 



47.2 
66.7 

20.0 



20.7 

14.7 
17.0 

26.9 
32.0 

24.6 
26.0 
20^ 

37.0 
18.S 
3I-I 

38.5 
10.8 

31-1 

44.9 
0.7 

29.1 

50.1 
4ao 

2.0 

5-9 

3-7 
18.7 

131 
23.0 

54.0 
25.0 
1 0.0 
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Horsepower required to drive Various Machines 
(Lloyd Assoc. Edison 111. Cos., 1905) 



Service 



Required 
Hp. 



xers 

flour mixer 

-cracker baker 

*ig and Printing 
ess (pony) 
). o press 
). 00 press 
). 000 press 
). 0000 press 
25 by 38 press 
by 30 press 
\ by 52 press 
! by 56 press 
I by 60 press 
> by 60 press 
irfecting press 

i 

^itlock press 
Campbell press 
il>bell press 
:entury press 
«ntury press 
>cott press 
Tig machine 
mer 
sher 

ig machine 
)ssing machine 
tier 

hing machine 
og machine 
itter 
lachine 
machine 
mp 
achine 

3mering ma- 
iling machine 
rfecting press, 

>anston press 
ampbell press 
entury press 
entury press 
iry press 
•er press 
•er press 
•er press 
cylmder press 

Icott press 
Jcott press 
Icott press 
lachine 



I to s 

ID 

I to 3 



I 

2.5 
3 

4 
5 

2 

i.S 
3 

S 
5 
S 

7-5 

2 

4 

2 

4 
IS 

1.5 

I 

3 

3 

I.S 

3 to 10 

0.2s 

0.25 

0.1 25 

I 

I 
0.25 
2 to 5 
0.25 

o-S 

O.I2S 

I 

I.S 
I.S 
7.5 

4 

2 

2.5 

S 
7.5 

I 
5 
5 
2 
0.25 



Service 



Bookbinding and Print- 
ing — Cont. 
Type-casting machine 
Paper basting machine 
Knife grinder 
44-in. Oswego cutter 
36-in. Oswego cutter 
48-in. Sanborn cutter 
24-in. Sheridan cutter 
Scybold embosser 
Cardboard splitting ma- 
chine 
Envelope machine 
Seybold 3-knife book 

cutter 
Victory embossing ma- 
chine 
Ink mills 

Blackball embossing ma- 
chines 
Monotype machine and 

air pump 
Colts Armory presses 12 

by 19 
Colts Armory presses 10 

by 12 
10 by 12 Gordon job 

press 
12 by 18 Gordon job 

press 
12 by 18 Golding press 
36 by 49 folding machine 
40 by 56 folding machine 
48-in. Brown folder 
Case roller 
Envelope folder 
Glue mixers 

48-inch Envelope die press 
8-page newspaper press 
16-page newspaper press 
18-page newspaper press 
24-page newspaper press 
28-page newspaper press 

Breweries 

Large centrifugal grain 

pump 
Pasteurizer 
Labeling machine 
Hop machine 
Pitching machine 
Carbonater 
Racking pump 
Bran bag hoist 
Grooming machine 
Clipper 
Barrel YrasViei 



Required 
Hp. 



0.5 

2 

2 
2 
I 
2 
0.2s 

5 

I 
I 



I to 7.5 
0.5 

2 
X 

O.S 
0.2s 

O.S 
0.7S 

I 

a 

2 
0.2s 
0.66 

I 

X 

8 
16 
18 

24 
28 



40 

3 

5 
to 12 

3-5 
2 to 5 

2 
S 
3 



\ ^' 
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116. Horsepower required to dr^-e \'Aiaous Machines 

(Continued) 
(Lloyd Assoc. Edison LI. Cos., 1905) 



Skkvuk 


Rei.»t-ired 
Hp. 
' 1 


SZRVICE 

1 


Reqhre 
Hp. 


/»# I ;<!//«■> - CoiU. 




^ Candy Machin<5 — Cont. 




Mali mill 


15 


: Chocolate shaking table 


0.5 


l\ii V- iiui.ili 


20 


Chocolate mixing kettle 


I 


\Ia .h lulw 


25 


! Chocolate rolling ma- 








chine 


5 


/•'h.i //lT,V 




Wallers chocolate mixer 


0-5 


I .luv meat chopiXT, 




Walters chocolate dip- 




i« Knife 


IS 


ping machine 


0.5 


1 .iivl «.\K>lt'r 


3 


Holmes chocolate coat- 




Nil!. 1 11 iiiUTiwise meat 




ing machine 


0.5 


v;i ituUis 


1 to 3 






Nv». (»(> i-nterprlsc meat 




Coopers Shops 




■,i iiuler 


10 


Large hooping machine 


5 


\i«. ; iKKvi mixer 


7-5 


Sla\-e planer 


4 


sj'ixv' mill 


2 


Crushing machine 


5 


. \i\\w meal rocker 


2 


Heading machine 


2 


1 .1.1 1 I'lV.-vl 


S 


Barrel planer 


2 






Stave bending machine 


I 


. \ l/i.\.'j/»|A 








Mr Siii.i'.luw kcllle 


I 


Cotton Machintry 




.-..■ill *»iuk 


I 


Brahcr cotton picker 


10 


.: .■ J* V v\mi"K machine 


o.S 


Cotton carding machine 


20 


..' Vi'iile 


I 


Small cotton carding ma- 




\ •■.:, .: -liivi 


I 


chine 


2 


, '.U '.M'.W 


0.2s 


Finisher picker 


IS 


\ .'.■...' I'.'.UT 


0.5 


Cotton washer 


7-5 


■■■•! 'y\: -U-l 


.25 


Cotton tumbling barrel 


2 


■• . ''J \\V 


0.5 


Cotton dryer 


20 


. :• 's,..-' ■vM-.lcr 


3 






' ■.! . : 11 ."■ici 


0.5 


Elcctrotyping and Ster- 




■. : . .1 


3 


eotyping Machines 


\ 


■ » -i.-Vi- 


a 


Boyle router 


I 


1 1 


I 


Wescl Daniel planer 


a 


. 1 i-.ii uS '•.^-.ikci' 


2 


Roughcrs 


a 


* "li'. \ i 


0.5 10 s 


Combined drill and jig 




■» ■.^•'i•siK■; 


"•5 


s;iw 


0.5 


« .'vj- 


1 


Trimmer 


0.5 


« ■ \* 1' 


3 


Saw 


O.S 


I ■■. \k...Al 


15 


Small planer 


0.5 


\ ' 


^ 


Agitator 


o-S 


■ ■ 1 » ■ 


''•7.S 


Reveler and grinder 


I 




o.S 


Zinc etching rocker 


I 


• I ■ 


"» 


Black leader 


0.5 




J 


Molding press 


4 




J 


J^late reducer 


2 


■* ' ."^ 


I 


Bender 


3 


' ' ■ 


\ 


Flat shaver 


3 


" ■ "*!■ 




Wax shaver 


0.5 




■ 


Etching machine 


3 


■t J 




Ktching tubs 


o.S 




• ^ 


Autoplate machines 


10 




-S\ 


Scorcher 


O.S 




'»•.^ 


Trimmer 


3 


1 




Double-page shaver 


3 




t 


Double-page tail cutter 


5 


1 

* ■ 


^ 


^M-Alrxx toWct ^ 


\ ^ 
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Horsepower required to drive Various Machines 

(Coniintied) 
(Lloyd Assoc. Edison 111. Cos., 1505) 



Service 



Machines 

single 

double 
pickers 

tufters 
icker 

rj 

rattlers 
grinders 
wers, No. } 
wers, No. i 
wers, No. i, cu- 
.5 tons per hour 
wers, No. 2, cu- 
.5 tons per hour 
wers, No. 3, cu- 
3.5 tons per 

wers, No. 4, cu- 
.5 tons per hour 
wers. No. 5, cu- 
tons per hour 
5, cu- 
hour 

7, cu- 
hour 

8, cu- 
hour 

9, cu- 
hour 



wers. No. 

3 tons per 
wers, No. 
8 tons per 
wers, No. 

4 tons per 
wers, No. 

5 tons per 



Machinery 

•inders 

tasters 

3lishers 

gar pulverizer 

wwder mixer 

grinder 

jcer 

Us 

offee mixer, 30- 

cker 

lachine 

her 

I Machinery 

freezer 

freezer 

I freeaer 

I free;fcr 

ler 

earn separator 

asher 



Required 
Hp. 



I to 7-5 

10 

20 

I to 3 

2 
I to s 



J to 10 
3 to 5 

5 
6 

7 
10 

15 
20 

35 
45 
60 
80 
100 



0.5 to 3 

2 
2 

15 

I 

2 
3 to 10 
3 to 15 

25 

20 

0.5 

I 



X 
3 

3 

5 

I 

5 

I 



Service 



Jcivders 
Polishing lathe 
Polishing stone 
Jewelers* lathe 

foundry Machinery 

Cylinder washers 

Wringer 

Starcher 

Dampener 

Mangles 

Ironer 

Extractors 

Macaroni Machines 
Macaroni dough mixer 
Macaroni screw press 
Macaroni cut oflf 

Leather Manufacture 
Fleshing machine 
Wash mill 

Shaving or skinning ma- 
chine 
Dry mill 
Reels 

Staking machine 
Splitting machine 



engme 



30-m. engme 
42-in. engine 



54-m. engme 



Machine Shops 
22-in. to 24-in. 

lathe 
26-in. to 

lathe 
36-in. to 

lathe 
48-in. to 

lathe 
60-in. engine lathe 
72-in. engine lathe 
84-in. engine lathe 

Forge lathes, 50 per cent 
larger motors than 
above 
26-in. planer, single-head 
30-in. to 36-in. planer, 

double-head 
38-in. to 40-in. 

double-head 
44-in. to 48-in. 

double-head 
54-in. planer, 

head 
60-in. planer, 

head 
7 2-iii. planet , doubVe-Vve^A 



planer, 
planer, 
double- 
double- 



Required 
Hp. 



3 
I 



0.166 to 3 



2 to 5 
I to 3 

0.5 to 2 
0.25 to 0.5 

3 to 10 
I to 3 
3 to 5 



3 

2 

0.2s 



30 
10 

10 
S 

to 5 
S 
10 



3 

2-5 

3-5 

S 
6 
6 
xo 

5 
9 

13 
14 



\ 



t8 
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115. Horsepower required to drive Various Machines 

(CorUinued) 
(Lloyd Assoc. Edison 111. Cos., 1905) 



Service 


Required 
Hp. 


Service 


Required 
Hp. 


Machine Shops — Cont. 




Machine Shops — Cont. 




84-in. planer, double- 




Key seating machine 


3 


head 


25 


Cut off saw 


0.25 


76-in. planer, double- 




Speed lathes 
Tool lathes 


o-S 


head 


30 


I 


120-in. planer, double- 




Large la-spindle drill 


10 


head 


40 


Double buffing and pol- 




144-in. planer, double- 




ishing machines 


3 to 10 


head 


SO 


12-in. buffer 


a 


36-in. swing boring mill 


4 


16-in. buffer 


5 


^i-in. swing boring mill 


5 


24-in. buffer 


10 


60-in. swing boring mill 


6.S 


Bolt cutter 


I to 3 


72-in. swing boring mill 


7-5 


Rod straightening ma- 




84-in. swing boring mill 


10 


chine 


5 


i2c-in. swing boring mill 


12 


6-in. emery wheels 


0.5 to I 


192-in. swing boring mill 


IS 


12-in. emery wheels 


3 to 7.5 


i6-in. stroke shaper 


3 


18-in. emery wheels 


5 toio 


18-in. stroke shaper 


3.5 


Steel shears, l-in. steel 
Steel shears, -in. steel 


X (03 


24-in. stroke shaper 


S 


7 


30-in. stroke shaper 


6 


Steel shears, |-in. steel 


7-5 


lo-in, stroke crank slotter 


4 


Hons' beam cutter 


10 


14-in. stroke crank slotter 


5 


Punch, J-in. hole in i-in. 




18-in. stroke crank slotter 


6 


steel 


I 


30-in. stroke crank slotter 


7-S 


Punch, 0.5-in. hole in i-in. 




24-in. forge slotter 


10 


steel 


3 


40-in. forge slotter 


13 


Punch, |-in. hole in |-in. 




60-in. forge slotter 


IS 


steel 


5 


66-in. drive wheel lathes 


10 


Punch, i-in. hole in i-in. 




90-in. drive wheel lathes 


IS 


steel 


7-S 


26-in. slab milling ma- 








chine 


8 


Miscellaneous 




36-in. slab milling ma- 




Chemical grmding ma- 




chine 


12 


chine 


15 


48-in. slab milling ma- 




Rope hanker 


1.5 


chine 


15 


2-in. pipe drawing ma- 




48-in. horizontal boring 




chine 


10 


machine 


2S 


Borax crushers 


35 


66-in. horizontal boring 




Borax conveyor 


IS 


machine 


4 


Rib knitting machine 


0.X66 


72-in. horizontal boring 




Round knitting machine 


0.166 


machine 


S to 7-S 


Stamp canceling ma- 




24-in. drill press 


i-S 


chine 


X to a 


40-in. drill press 


3 


Horse groomer 


3 to 3 


60-in. drill press, heavy 


s 


Chum 


0.5 to a 


Small radia drill 


2 


Addressograph 


0.5 


Medium radial drill 


3 


Cloth cutter 


o.xas to aas 


Large radial drill 


s 


Carpet cleaner 


5 to 10 


Automatic screw machine 


1 


Dishwasher 


0.5 to 5 


Fox lathes 


I to 3 


Weaving machines 


X t05 


Turret lathes 


1 to 3 


Carpet sewing machine 


o.as 


i-in. pipe cutter 


o.S 


Ordinary sewing machine 


o.xas 


2-in. pipe cutter 


I 


Ink mill 


a to 7.5 


4-in. pipe cutter 


2 






8-in. pipe cutter 


3 


Paint Machines 




12-in. pipe cutter 


5 


Paint grinders 


3 to xs 


24-in. pipe cutter 


10 




V ^ 
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Sec. 5> "5 



6. Horsepower required to drive Various Machines 

(CotUinued) 
(Lloyd Assoc. Edison 111. Cos., 1905) 



Service 



Machines — Cont. 
mill for lead grind- 

1 for lead grinding 

• and mixer 
rleaner 

(ulverizer 
; tanks 
oil 
: machine 

mineral paint 
ier 

Box Machines 
? machine 
•cutter 
board slitter 
g machine 
•ing machine 

• stayer 

ng machine 
I machine 
titcher 

)ing machines 
ing machines 
ess 
oiler 

ing machine 
box machine 
ng machine 
press 
ne mixer 
md dyer 

trating Machines 



' Grinder 
rubber grinder 
r calendar 
r washer 

'laming Machinery 
seed threshing ma- 



Required 
Hp. 



35 
20 

3 
10 

7-5 
a to 10 

3 
10 

5 
20 



1 
0.125 

I 
0.25 

o.i 
0.125 

o.S 

o.S 
0.125 
0.125 

0.333 
0.666 
0.25 
0.25 

I 
0.25 

5 

a 

2 



2 

3-5 
5 
6 

7.5 
9 
10 
12 
13-5 
15 
as 



20 

7-S 
12 



20 



Service 



Seed Cleaning Machinery 

-—Cont. 
Seed cleaning mill 
Seed reel 

Large monitor seed mill 
Bag filler 
Blower cleaner 

Sewing Machines 

Machine on silk and light 
goods 

Machine on medium ma- 
terial 

Machine on cloth 

Machine on furs 

Machine on carpets 

Sheet Metal 
Crimping machines 
Blanking press 
lo-ft. shear, No. p iron 
No. 10 gau^e cornice, press 
48-in. multiple punch 
Iron roofing i»'ess 
Metal painting machine 
One corrugating roll ma- 
chine 

Shoe Factories 
Crimping machine 
Sole trimmer 
Edge setter 
Sandpaper wheel and 

blower 
Grinder and buffer 
Buffing machine 
Hadaway stitch separator 
Double buffer and blower 
Special splitter 
Leather roller 
Stewart bus counter 

molder 
Sole rounder 
Stanley leather splitter 
Fifield tip skiver 
Smith stiffening skiver 
Dinker 
Scorer 

Knox beam dinker 
Knox end splitter 
Small dciver 
Knox twin molder 
Goodyear channel hip 

turner 
Fisher channel turner 
Goodyear cYi&tvtvc\et 



Required 
Hp. 



I 

5 

10 

a 

10 to 20 



0.066 to 0.125 

0.166 
0.25 
0.25 
0.25 



a 

X 

10 

10 

7-5 

5 

a 



\ 



0.5 
I to 5 

X 

0.3 
o.S 
o.x 

0.3 

O.S 
0.6 
o.a 

0.6 

0.8 
0.6 

0.3 
o.x 
o.x 
o.x 
o.a 
0.6 

0.3 
0.8 

0.1 
o.x 
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POW-ER ENGINEERING 



115. llDliSEPOWER KKOUIRED TO DRI\TE VARIOUS MACHINES 

I Continued) 
(LIdvi] AssiK. Edisim 111. Cos., 1905) 



Sl-K\K-| 


Hr. 


.N ■ •...;. -f. i.*mi. 




Vi. K.,' . ii.inncir. 


o.or 


I'.l . IW. Nll.lX'i 


l.s 


l>.i . h i..i..<.in^ :n.-w hint 


1-5 


»* 11 i Afi ^ \\c: 


1 


. . .h». . «. :. r,i.,. r.im 


CJ 


\ 1. K > ■ ■...,.;;, 


C.f 


; .■ :. iii:i> :-.i.i, i'tlll* 


Vi'-- 


* ■ > • ■ \ ..1. ..II. !.iii. 


'l.s 


!' itiiv 


*:.-.■* 


I »« ..". I •• t. n. 


*"* ^^ 


V :........ ...... i.m. 


*"■. s 


\. '. I:,-, ...1. ..1 .. '.•.1!. 


« 


\ . K ■ :i. :. 


-' 


«...'. ..III,. !i., .^. ,..x|. 


(T- ^ 


* ■ . <■ :. 


~ 



:.i;i,- 

.'.\. l'.,I.S.- 



. . . . 1. t . - . 
. ^ ■ .. 



.U<|y 



Sek\ic£ 



. Stone Works — Cont. 
■ cx>-iii. circular stone saw 
. Stone pianer 
I rv-blade stone saw 

Slow speed siate circular 
saw 

Sate band saw 

Morbie drill jxrcas 

Slate drill press 

PujI! mill 

Tiic {Trinder 
I Ciay crusher 
I Marble surface grinder 

; Structural Steel and Boiler 
11 orks 
i-in. hole in *-in. steel 



Requiko 
Hp. 



7-S 
.•» 
IS 

a tos 

I 
I to 3 
I to 3 

as 

3 

IS 
10 



vpunchcsi 




I 


f-ir.. hole in 


*-in. steel 




V punches • 




3 


j-iT.. hole in 


i-in. steel 




^nunches^ 




5 


:-ir. hoi I ic 


i-in. steel 




,p(unv-.hft«'i 




7-5 


SiUW; 






»-i:.. sire! 




1 103 


r-:i, siMi! 




7.5 


■11, ftiee. 




10 


..-■w. nnrizonta" shear 


20 


. r»' .-. unpii 


sncar 


5 


,' :• ." :.nj:u 


shear 


10 


-•. p.. I: shi 


i-ar 


30 


. . .:'>in^ rr..i»-huu . -j-in. 




:-ri.'..n 




7.5 


i<-.:. .i.iTT" 




5 to 15 


;v..r. shr.iT 




ao 


tx..;..- cM'umc pitnrr 




.1 .*-■:!. 




10 


■'.. :. rvTi.huf 


-ol. 


3 to 50 


. :;•■•".'. ..n. ■nI" 


.*»phiniii^ 






. 5 -n. .*- 




:x-..:i> 




5 


.-.-y; •^•-••'.^\ 


.U'T.mc ir.;.- 




. ;.i:i: .- ir 


.-:i:..Tn> 


15 


. .- ;:. rv. r. '». 1 s: vmf 




.".■ . -"-IT. 


■%■■ «« ■ ^^» 






• 
• ■ 


T5 


X .1 ^ ^ * 


^ .- S; V 


5 


■ ■ - . — ■■ .. . 1 . 


i.-j 


iz 


*; . ..u- . .:'i:.Mi t^uzt- 




:-.v"v 




' J." 5 


1 . !...•• TT*;" 


"^ 


z 1: :5 



■. - ■...„ ■'.•.1.1. ,« 

•. ''.■- 

" * .l.«, ■*- *» 



.".11. •.'.ii: <> :v...n siiri^' 
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Sec. 5, 115 



Horsepower required to drive Various Machines 

{Concluded) 
(Lloyd Assoc. Edison III. Cos., 1905) 



Service 


Required 
Hp. 


Service 


Required 
Hp.. 


Machinery 




Wood-working Machinery 




cutter 


5 to 13 


— Cont. 




roaster 


10 


Wood lathe 


X t05 


3bacco cutter 


10 


Wood boring machine 


I 




a 


i.7S-in. double spindle 
shaper 






3 


7.5 


packer 


o.S 


9-in. sticker 


7-5 


leaf stem roller 


ao 


8-in. buzz planer and 








joiner 


I to i.s 


rking Machinery 




1 2-in. buzz planer and 




chers or mold- 




joiner 


1.5 to a 


ichines 


3 to 5 


i6-in. buzz planer and 




:hers or mold- 




joiner 


a to 3 


kchines 


5 to 7.5 


a4-in. buzz planer and 




:hers or mold- 




jomer 


3 to 4 


Lchines 


7.5 to 10 


30-in. buzz planer and 




:hers or mold- 




joiner 


4 to s 


Lchines 


10 to IS 


Planer and matcher 


6 to 10 


rface planer 


3.5 to 7.5 


Double and single surface 




urface planer 


7-5 to IS 


planers 


7-5 to IS 


I, double end 


7-5 to 15 


24-in. planer 


15 


s, single end 


2 to s 


36-in. planer 


25 


iscut saw 


I 


30-in. one drum sander 


3 


)sscut saw 


a 


30-in. two drum sander 


3-5 


)sscut saw 


3 


30-in. three drum sander 


5 


>sscut saw 


5 


42-in. one drum sander 


5 


)sscut saw 


7-5 


42-in. two drum sander 


7-5 


>sscut saw 


10 


60-in. three drum sander 


10 


>sscut saw 


15 


72-in. three drum sander 


IS 


saw 


I 


Box board matchers 


a to 3 


> saw 


3 


Dado machines 


X to a 


> saw 


5 


Dove tailers 


2 to 3 


> saw 


10 


Dowel machines 


0.5 to 0.75 


> saw 


20 


Miter machines 


z to a 


> saw 


35 


Box nailer 


0.7s 


nd saw 


I 


Bit mortisers 


I to a 


band saw, i-in. 




Large box dove tailer 


25 




2 


Small box dove tailer 


10 


V, 2-in. saw 


5 


Sash mortisers 


I to a 


small work 


I 


Hollow chisel mortisers 


2 to 3 


aachine 


10 


Power mortisers 


3 to 4 


aw 


I 


Inside molders 


7.5 to 10 


rver 


a 


Outside molders 


5 to 7.5 


; and mortising 




Panel raisers 


1 to 3 


les 


3 


Surface sanders 


I to 3 


jr 


I 


Horizontal edger 


3 


der 


I 


Box dresser 


I 




I 


I^rge nailer 


1.5 



ai7 



POWER ENGINEERING 



). HOTELS 


^. PRINTERS 


'Dishwari«M 


Cylioda-preWB 


Itough miim 


Fgrm elevalocB 




a^sr 


Ice and rcfriB«aIiDB 






Knife arinders 
Laundry madunis 


KiJing machines 


Slilchera 


MealdnpiKn 


Tn-,i>afm»d.i«s 




VmUaUng Cans 


Venlilitingfaos 


3». REPAIR SHOPS 


). JEWELERS 


SuoSry niacliinery 






WhiFS 


Lap wheels 
Lathes 


31. RESTAURANTS 




Cofiw grinder 


VenUklingfans 


Douah miM" 






4. KNIT Goods 


Ice-cream mucbines 




Knife deiDser 






KSl'.'ii.Km-,c'hinBs 




S^.wfngm^cbmea 


vUlilatit^fanB 




3=. SALOONS AND 


X\hip3 


caf£s 


J. NEWSPAPERS 


]cc-cr.;ain fteewra 
VenUlutlng ians 


pi™™ 


3 J. SHOEMAKERS 


FormhoUts 


Buttonhoh: michinM 


Undlvpa 


Edgeis 


PneuMsUc tubes 


Goddvear mBthbeTT 




McKay machinety 




Rollepi 


Saws 


Se.'fngmaduMS 




Sliivers 


6, OPTICUNS 


34. SHIRTWAIST AND 


BLaweis 


DRESSMAKERS 



i- SILVERSMITHS 



Whips 
t. PAPER DEALERS 



RiTlinK machines 



Sec. 5, 130-132 POWER ENGINEERING 

38. TIN AND BRASS 39. TOBACCONISTS 40. UMBRELLAS AND 

WARE Cleaners CANES 

Blowers Cutters BufiFs 

Buffs Fans — exhaust and Lathes 

Drop press ventilating Presses 

Fans Hoists and whips Saws 

Grinders Presses Sewing machines 

Presses Shredders 
Punches 

StraiKhteners for wire 
and plate 

COST OF CENTRAL STATION SERVICE GOMPAIIED 
WITH THAT OF ISOLATED PLANTS 

130. Installation costs of central station service include, 
generally speaking, the cost of necessary motors and their 
installation, the latter including the setting up of the motors 
on proper foundations, wiring connections between the 
motors and the central station service lines, starting rheo- 
stats or speed controllers, inspection fees, and possible 
changes in shafting, belts, and pulleys. It is to be assumed 
that central station solicitors will be provided with motor 
price lists, and that they, or others in the employment of the 
central station company, will be qualified to figufe the other 
costs indicated above. 

131. In isolated steam plants it is necessary to install 
boilers, engines, pumps, steam pipes, shafting, etc., — as 
well as one or more dynamos, if the plant includes the gen- 
eration of electric energy. 

132. It should be the duty of central station solicitors 
to inform themselves of the actual costs in their respective 
localities of the various apparatus named below, but the fol- 
lowing designated costs, although only roughly approximate, 
should be of value in offhand figuring ; or, when knowledge 
of actual costs is not at hand (installations of 300 hp. or 
less considered). 

(a) Return tubular boilers installed ... $10 -to $i2perhp. 
Water tube boilers installed .... 14 to 16 per hp. 
Scotch marine boilers installed .... 15 to 18 per hp. 

(b) Simple throttling engines installed . . 5 to 10 per hp. 
Simple high-speed engines installed . . 10 to 15 per hp. 
Simple Corliss engines installed ... 20 to 25 per hp. 
Condensing engines cost additionaA ^o pet cexvX. V?3qq\A.\ 

Compound engines cost additionaY ^o pex cexvX (?}Qa\3L>L^ 
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POWER ENGINEERING 

c) Boiler-feed and house pumps, say, each . 
4d) Dynamos 



e) Direct-connected dynamoes and en- 
gines cost from 35 to 50 per cent 
more than belted. 

[f) Steam piping costs average .... 



Sec. 5, 133-136 

$500 to 2250 per hp. 
20 to 25 per kw. 



2 to 3 per hp. ** 



L33. Differences in Net Cost between Smaller Standard 
Direct -CURRENT Motors and Gas Engines * 



Direct-current Motors 


Gas Engines 


Horsepower 


Cost 


Horsepower 


Cost 


I 


$ 60 


i-S 


$ 90 to $110 


2 


96 


2 


120 to 137 


3 


123 


3 


144 


5 


151 


5 


216 to 275 


7-5 


188 


8 


270 to 330 


10 


236 


10 


37S to 385 


IS 


340 


IS 


470 to 550 



134. Installation costs over and above the bare cost of 
the motor or engine also average less in the case of electric 
motors than for gas motors, and the former can, besides, be 
installed wherever desired for service in the building. 

135. Operating costs to users of central station service 
depend upon a variety of conditions : the central station's 
rates of charge for energy; upon the size and character 
of the user's installation, and the consequent amount of 
energy consumed, and also upon the user's load factor. 
The solicitor should see to it that a consumer's installation 
be made as efficient as possible, through the use of the 
proper number and sizes of motors, proper motor speeds, 
proper motor control, and highest motor efficiencies. 

136. In determining the cost of operating a steam or 
gas-engine plant of any kind, the following items, or so 
many of them as apply in any particular instance, should be 
taken into account. Otherwise a proper comparison with 
central station electric service costs cannot be made. 

« Differences in weight and floor space occupied account Cot difference. vs\ tSxa, ^tvat 
of gas engines of same horsepower referred to m tY\e ta\Ae. 
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Sec. 5, 137-IJ8 POWER ENGINEERING 

137. The items of cost enumerated below do not apply 
in all cases of power use, for in many buildings floor spaa 
is rented with power service included, — or power may be 
furnished from an outside source, in which latter case the 
charge made for the energy so furnished and the expense of 
maintaining the drive inside are about the only cost items 
to be considered. 

Items 

Superintendence. 
Salary of engineers. 

of firemen. 

of electricians. 
Fuel. 

Removal of ashes. 
Water. 
Oil. 

Repairs to boilers. 
Repairs to engines and dynamos. 
Lamps. 
Carbons. 
Tool account. 
Miscellaneous expense and supplies. 

Waste, packing, etc. 
General expense. 

Depreciation 10 per cent to 15 per cent. 
Interest on investment 5 to 6 per cent. 
Liability and fire insurance and taxes 2 per cent. 
Rental value of space. 
Damage resulting from heat and vibration. 



138. Coal Consumption of Various Types of Engines pm 
Indicated Horsepower-hour under Average (not 
Special or Constant Full-load) Running Conditions 

Small vertical engines 14 to 18 lb. of good coal 

Plain slide valve engines 10 to 12 lb. of good coal 

High-speed automatic engines . . . . 8 to 10 lb. of good coal 

Simple Corliss engines 6 to 8 lb. of good coal 

Best types of multi-expansion condensing 

engines utilizing superheated steam . ^ Vo '^ >Jo, <a& ^ood coal 
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POWER ENGINEERING Sec. 5, 139-142 

139. In figuring the expense of operating a gas or gaso- 
line engine plant, liberal allowances should be made for 
interruptions in service (which ordinarily are frequent, and 
sometimes of several hours* duration), for the large repair 
expense usually necessary, and for rapid depreciation. 
Experience has shown that it is not safe in such cases to 
estimate the annual average maintenance (repair) and de- 
preciation charges at less than 20 to 25 per cent. High 
Kxiaintenance and depreciation charges apply fully as well 
— in fact, more strongly because of the addition of the gas- 
producing apparatus — to producer-gas plants, and the 
latter are, furthermore, subject to an especially heavy in- 
terest charge because of the large investment necessary for 
a complete and operative installation. Solicitors should 
inform themselves on this last point in particular. It is 
true that fuel costs for both gas engines and producer-gas 
power plants are, ordinarily, low, but the other and increased 
charges are serious matters. 

140. In spite of any statements to the contrary, it is prac- 
tically necessary to have a skilled attendant look after the 
operation of gas engines or producer-gas power plants. 

141. In cases where the plant is an electric generating 
plant, and is generating electric energy for both lighting 
and jK)wer service, the additional element of the lighting ser- 
vice has, of course, to be taken into account in figuring com- 
parative installation and operating costs. 

142. In figuring against isolated electric generating plant 
costs it is good practice to install test meters to determine 
the amount of energy consumed for light and power pur- 
poses respectively, and ordinarily no objection is made to 
such a test. If test meters are not installed, ammeter read- 
ings and voltages may often be obtained from isolated plant 
operators. In the absence of any wattmeter or ammeter 
readings, the number of lamps and average hours of burn- 
ing, together with the number of motors, sizes of motors, 
average hours of running, and average loads should be 
ascertained as fully as possible. 
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ELECTRIC VEHICLE ENGINEERING 



SECTION 6 

ELECTRIC VEHICLE ENGINEERING 

INTRODnOTION 

1. When the electric automobile first made its appear- 
ance, its many points of excellence, its reliability, and its 
safety were instantly recognized. 

2. The question naturally arose, however, which was 
superior, an electric or a gasoline propelled car ? The 
answer seemed to depend, at that time, upon comparisons 
of first cost and maintenance. Other questions were 
raised upon the comparative values of the two types in 
cost per mile for operating, and the dependence that 
might be placed in batteries compared with the gasoline 
engine. An electric to-day is judged upon its own merits. 

3. When the automobile is discussed, reliability is a 
term of broad significance, for it includes simplicity of 
control and operation. No vehicle shows less complica- 
tion or is more easily mastered than an electric. Its sim- 
plicity and economical operation make it an ideal car 
for shqyping, theater, commercial, and all city and subur- 
ban work. 

4. The electric automobile has recently made some fine 
records for cross-country runs, and it is probable that its 
field will be greatly extended in the near future. Batter- 
ies have been lightened by improvements in their con- 
struction, and the durability of the whole equipment in- 
spires confidence of the user. 

TALKING POINTS 

6. Cost of maintenance means much with other cars, 
but is a simple proposition with an electric. Special 
consideration should be given to this povivt. ¥ieje,\x\c c-jcr. 
are primanly fof ' and the paiV. 1\ve^ ^^ ^^ 



ELECTRIC VEHICLE ENGINEERING Sec. 6, 6-8 

cars of good form as well as utility. They are seldom 
handled with the stress and roughness which the heavy 
touring car is built to meet, and it follows, therefore, that 
one important class of repairs is seldom needed. Tires lait 
longer, and damage to mechanism seldom occurs. \^tii 
other forms of power one is momentarily in dread of the 
unexpected. The trouble may be in the engine, the fud, 
the tires, or the lubricant. Come it does, with unpleasant 
regularity. It may be something that the driver can cq* 
with at the expense of time, temper, and personal con- 
venience, or it may be that he must be ignominiously 
towed to the nearest shop. The electric, however, hai 
fewer elements to be considered, and it has been built 
throughout with an eye to reliability. 

6. The electric must not be considered a fair-weather 
car. It is quite the contrary. It is, as a matter of fact, 
the only satisfactory car throughout the whole year. This 
is because it has no water to freeze, no lubricant to grow 
heavy at low temperature, and if desired, it can be closed 
more tightly against wintry blasts than any other form of 
vehicle. Its extreme simplicity, its readiness to go at any 
time and under any conditions, make it the ideal car for 
disagreeable weather, and gives one more instance in which 
the electric must be taken as the criterion for judging other 
cars. These characteristics especially commend this car 
to the use of physicians and others whose daily work or 
profession demands travel at all seasons. 

7. In industrial and manufacturing establishments the 
electric machine fits in so harmoniously as to require very 
little argument in its favor. There is in such plants a 
quality of mechanical ability quite competent to take care 
of its upkeep, and its simplicity of control renders possible 
the availability of a number of operators for each machine, 
thereby insuring constant service. Furthermore, its power 
equipment may be so harnessed up as to provide mechan- 
ical means for loading, consequently reducing the time 
necessary for this performance and increasing the total 
utility of the machine and operator, in some cases by several 
hours per day. 

8. An economic feature also to be borne m tnind is that 
when the machine stops or is delayed zX ^\s^\ss.% dei^xs.^ 
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Sec. 6, 9-14 ELECTRIC VEHICLE ENGINEERING 

its cost of maintenance also stops (except overhead charges), 
' which is not the case with horse employment. 

9. If the machine is not required for service during any 
Considerable period, and its operator can be employed 
otherwise, the maintenance costs subside correspondingly. 
In this regard its employijient or disuse is analogous to 
that of any other piece of machinery or portion of plant. 

10. One peculiarity in machine performance has been 
diflficult of conception to those unable to free their minds 
from horse usage, and this is, that the consumption of 
current, tires, gears, and battery material is in direct pro- 
portion to the work performed, and that the renewal 
periodically of such consumed material is as much an 
essential part of the programme as is the renewal of horse- 
shoes, wheel tires, feed, blankets, or any similar material 
requiring constant renewal with horse service. The 
periodic renewal of this consumed material has been re- 
garded by those unaccustomed to analysis as the gradual 
breakdown or depreciation of the entire vehicle, whereas 
the machine proper undergoes very slight wear, and the 
annual depreciation is somewhere between 5 and 10 per 
cent per annum, as is evidenced by the installations which 
have been in service for the past ten years. 

11. One electric vehicle in delivery service does the 
work of at least two horse-drawn vehicles and eliminates 
the reserve horses in the stable. 

12. A four-stoiy garage twenty-five feet wide, one hun- 
dred feet deep, will store one hundred electric vehicles. 
A four-story stable, to accommodate the necessary horses 
and wagons to do the same work, is five times as wide. 

13. Electric vehicles are run into the shipping room, 
carried by elevators from floor to floor, facilitating loading 
service, — a method in every way preferable to horses 
and wagons backed against the curb for an entire block. 
There is no fire risk connected with an electric machine. 

14. There is simply nothing to do but turn on the current 
and steer the machine. There is no delay, no troublesome 
routine to go through, no hard cranking with its ever 
present danger from back-firing. The current is turned 
on just as you would light an incandescent lamp, and 
is obedient to its lever. 
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ELECTRIC VEHICLE ENGINEERING Sec. 6, i 

16. An electric will go forty mileB to seventy-five miles 
on one charge of battery, which is more than is needed in a 
day's business. 

16. An elet'lric can be recharged at night in six hoan' 

17. Horses can do but five or six miles an hour unda 
normal conditions, while the electric wagon can do ten, 
and it does not require feed or water. 

18. With an equal carrying capacity and the higher speed 
you can handle fifty per cent more goods with alectrics. 

19. The space reqnired is about half of that required (ot 
an equal number of horses and wagons. Where real estate 
is costly this is vitally important. 

20. An electric garage can easily be kept as clean u yotit 
own home. Jt is a much harder proposition with a stable. 

21. Becau.sc of the .smaller space required and the 
absence ol stable odors, it is possible to keep electrics in or 
adjacent to the store. 

22. There may be a few isolated cases where there is no 
economical advantage in motor vehicle delivery, but these 
cases are exceptional instances. Where the work to be done 
is less than half the ability of the machine, proper value 
may not be derived from the investment, but in mostci 
the operator of a few deU very wagons, and a couple of trucks 
and two or three heavy drays, can profit at once by replac- 
ing them with electrics, as his expense will be much less 
for a given service. Where a large number of vehicles is 
used the advantages of eJectricity become more apparent, 
and the efficiency of the service is improved still more. 

23. The space occupied by the electric wagon ia small, 
the running rapid, the capacity large, the handling sim]iic, 
the operation accurate and easy, so that in every way it is 
distinctly a saving and a convenience. 

24. Merchant stables, transfer companies, and manu- 
facturers doing their own teaming alike have felt the cost 
of feed for stables full of idle horses which have been 
" eating their heads off," and in those situations where 
commercial vehicles have been owned in conjunction with 
horse vehicles, the owner has found the inanimate machine 
in sharp contrast to the cost and work and worry of the 
Stables. 

33° 
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26. To the horse owner there is always the consciousness 
of feed and proper care necessary merely that life, to a 
proper physical standard, be kept in the horse. The idle 
horse may not consume quite so much feed as does the 
horse hard at work, but in his idleness the matter of feed- 
ing must be more carefully looked after if the animal shall 
not su£Fer from the enforced confinement. Many a care- 
less or ignorant owner of horses has let no more than a 
couple of idle days pass without restrictions as to feed 
for his animals, and on the next working day has had his 
horses dropping dead in the streets or paralyzed beyond 
hope of cure. 

26. At any time and season the horse in idleness is a 
doable risk said cost to his owner. In the season of mid- 
sunvner, when brassy skies overhead and reflection from 
burning walls and pavements at the best cut the ac- 
tivities of the horse by 50 per cent, this chance of idleness 
is doubly menacing. In every city a season of unusual heat 
is marked by horses dropping dead or incapacitated and 
ruined in the hot streets, to say nothing of the attendant 
cruelty that comes of working these animals under such 
conditions. 

27. In times such as these the man working the motor 
truck experiences a sense of relief that is unknown to the 
driver of the horse vehicle. If idleness be imposed upon the 
commercial vehicle, its owner runs it into its accustomed 
shelter, certain that until he takes it out again it will be 
no further charge upon him for maintenance; certain that 
whfle it is resting, there is no possibility of depredation 
so long as it b protected from the elements; and, more 
than aU, confident that, no matter what the excessive heat 
of the streets, he can depend upon the ma/:hine for its 
maximum ol activity and with no tax ujx^n his sympathies. 

28. Here at once' is a tmnendoiis cwnavUMtife rmpnai' 
WHj upon owner and caretaker of the horse which b not 
felt by the man depending upon the motor im^.k. The team 
owner may try to persyade h;jn^!f that in utJK;? the home 
he has learned to accept the cos/ditioLA under nrhkh the 
animal fives and hux lU 1>^rj^, 

29. Ik m tine of gnenl deprasini, rehh f<^ for the 
horse at an aLBonziIllY hijrfj fir ^ ^ \^jii}J\MPJi^ 
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housing his one truck has had this comparison with the 
horse brought home to him as he has not felt it before. 
This one inevitable comparison under such conditions may 
account for much of the present inquiry which has been 
marked in the Government Post Oflfice Department, in 
the police and fire departments of the cities, and by the 
metropolitan newspapers of the country. It is one of the 
most absurd of anomalies in connection with the hcHse 
that he should cost almost as much for keep and tax his 
caretaker even more in times of idleness than in his busiest 
season of work. It is a situation of itself incompatible 
with the exercise of true business principles. Save for 
ages of adaptation to the horse, the condition might reduce 
the business of the express and van companies to an 
intolerable absurdity. 



DEVELOPMENT OF THE COMMERCIAL 

VEHICLE 

30. Recognizing that the electric automobile is becom- 
ing an accepted adjunct to the transportation of merchandise 

in our large cities to-day, it may be well to give a brief 
history of its development up to the present time. 

31. Nearly all of the earlier vehicles of the larger size 
were driven by motors mounted on the rear axle, the method 
of transmission being usually of the single reduction spur- 
gear type. In the smaller sizes, such as runabouts, live 
rear axles with differentials and single motors were used; 
while in the larger sizes two motors and dead rear axles were 
employed. Some of these features, adopted at the begin- 
ning of the industry, were excellent and are successfully 
used to-day by the most capable builders. 

32. The method of control adopted in these earlier types 
was what is known as the commutated battery system, the 
controller changing the connections of various sets of cells 
from parallel to series, thereby varying the speed of the 
vehicle by varying the impressed e. m. f. on the motor. 
The main disadvantage of this method of control was the 
unequal discharge of the different battery sets when con- 
nected in multiple. The mileage of these earlier vehides 
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was quite low compared with the results obtained to-day 
from the same size battery, the reason being that the fric- 
tion, or, in other words, the wattage, was excessively 
high. 

33. It has been shown that motors mounted directly 
on the rear axle are necessarily of low speed, are compara- 
tively heavy, and their efficiency on overloads not high: 
and further that the transmission under average conditions 
is not very efficient. A great deal of experimenting and 
investigation made by a prominent electric automobile 
builder along this line during the past few years has 
shown that to obtain the maximum vehicle efficiency, 
the weight below the springs must be reduced as much as 
possible. 

34. Next in order came the double-reduction motor, 
mounted on or suspended from the body of the vehicle, 
the power being transmitted from the countershaft (or in 
some cases where slow speed, single-reduction motors were 
used, from the motor shaft) to the rear wheels by means of 
chains and sprockets. The vehicle efficiency of this type 
of transmission was found to be higher than the direct 
spur-geared type, due to the increased flexibility in the driv- 
ing mechanism, less weight on driving axle, better distri- 
bution of total weight and the use of lighter, higher speed, 
and more efficient motor. 

35. In 1903 one company placed on the market a new 
and lighter type of commercial vehicle, the principal features 
of which were: — 

Net weight approximately 0.6 of that of any vehicle of 
similar carrying capacity previously built. 

Flexible armored wood frame. 

Single motor, with roller-chain drive from motor to 
countershaft. 

Double-chain drive from countershaft to rear wheels. 



VALUE OF FLEXIBILIT7 OF TRANSiaSSION PARTS 

36. Although this vehicle, in the smaller sizes, was 
capable of carrying nearly its own vjev^X., *\\. ^^s» WxsA \.^ 
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• -. ..^y in service. This was due to 
^C .i zhid rmadng fear and transnuHi 

'• . L:iis type of vehicle that it prora I'-;-'' |* .^^ 
. .isiiit could be reduced consideraily T;^- ";^ '"^^ 
:".L vehicles, without impairing li* ' "^"^ 
v .4 :ne cost of maintenance. 
,: ihese lines, some of the standaii 
.•juipped with a single motor aii 
.ii, as well as double motors wilb ^ 

^«4 Jr metal tires are used it may becoiot 
...Ai road conditions to get more trac- 
. ict'i drive affords. Under these condi- 
drive is preferable, also under coiuii- 
>»K»vv or muddy roads if all four wheels 
, ..■ can pull out of places, when equipped 
;iC!i might be very difficult for a two- 



'•« 



inimes are used for the smaller size 
.. . laaiiel frames are employed for the 

.lilies being so designed as to retain 
. ...;:\ .iiid strength without increasing 

. > .i * c i.>ccn made in the desi^ of motors, 

^ c». . I '. ticreased on normal and over loads 

,' ..u unnecessary weight has been re- 

itig the speed torque characteristics 

> ..iking their energy from storage 

. >...: is that the vehicle efficiency has 

. 4 -IM controlling apparatus has also 

._. us new condition. The standard 

. , . o commutate the battery, but to 

' ..^. .'.j,> ^*i ^^^" motors with proper shunt- 

. ^i^aier number of speeds at higher 

.'cv -M^vs ^^f vehicles, the controller 
.^..i: Ivcween controller points, the 

;^ . ..».. 'uiiiiiig of contacts, and expensive 

^^..iii'V ■w*'*'*'*^* ^^^ tires. 



LECTRIC VEHICLE ENGINEERING 

these troubles and increases the mileage and 
■s and batteries. This controller is so designed 
yc circuit is not opened at any point from the 
st, the torque on the motor never falling be- 
1 predetermined value. It is known as the 
torque controller " and is applicable to both 
uble-motor equipments. 
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s I and 2 show topical coimectioiis of two late 
itroUers. Figure 3 shows the apead toti^iA 
iufomobile motor of recent t^pt- 
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OPBBATINa AND MAINTAININa THE ELEOTBIO 
VEHIOLE 

46. The following instructions were recently issued as 
representative of the requiremenis for the proper ean ui 
maintflnance of electric vehicles. 

16. The operation and care of an electric automobile is 
no more of a task than driving and stabling a horse equip- 
ment. Use judgment in driving. Do not overload noi 
overspeed. Keep the vehicle and its power plant clean 
and in good adjustment. Keep the battery in good 
condition and properly charged. Keep all nuts and 
bolts tight, especially on the clips connecting the springs 
Jind frame. 
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CONTROLLER 

47. The controller cylinder, under the seat, is revolved 
)y a handle on the seat. Turning the controller changes 
;he electrical connections of the motor and varies the speed 
)f the vehicle, similar to a street-car controller. 

48. In starting, time must be allowed for the car to attain 
L certain speed before moving the controller to the next 
peed point. No pause should be made between points, 
.nd the car should not run longer than necessary on the first 
knd second points, which include a resistance in series with 
he motor. 

49. Do not keep the controller handle in continuous 
notion, as this is unnecessary and increases the wear and 
train on all parts of the vehicle. 

60. Always open the main switch and set the brakes 
»ef ore leaving the vehicle. This disconnects the motor and 
)ell from the battery and prevents the vehicle from start- 
ng alone. 

51. Occasionally oil the controller shaft and all bearings 
n the controller operating mechanism. 

52. Keep the surfaces of the controller segments or con- 
act block clean and bright with fine sandpaper. Use a 
ilight amount of vaseline, and wipe off all but the little 
•equired to keep the segments bright and smooth. 

53. When working on the controller, it is well to discon- 
lect one side of the battery to prevent accidental short 
rircuiting. 

54. See that the controller fingers give a fair amount of 
jressure on the cylinder segments and bear evenly across 
:heir width. The fingers may be fitted to the segment by 
noving a strip of sandpaper between the segment and the 
inger (sanded side against the finger). Be careful not to 
jand so much surface that it will bridge the gaps between the 
sections of a ring or segment, and thus make improper con- 
aection of different running points. 

55. If the controller has adjusting screws for regulating 
the drop of the finger between the segments, see that this 
irop is about ^ inch. This is especially important on 
the last or running point of the controller. It need not be 
considered on a controller having ftbet bi\d^e?»\i^V«^^^ "^^ 
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segments, where no drop is necessary. In all cases firm 
pressure and good contact should be maintained. 

66. Do not allow waste, tools, etc., to accumulate under 
the controller. 

MOTORS 

67. The only parts of a motor needing attention are the 
commutator, brushes, and the bearings. Each motor should 
be inspected at least once a week and the commutator 
should be examined when the motor is running with rear 
wheels jacked up to detect any sparking which may be due 
to a dirty or worn commutator or broken brush. The 
commutator, brushes, and brush holder should at all times 
be kept perfectly clean. The commutator may be lubri- 
cated slightly with a very little vaseline applied with a clean 
cloth while the motor is running. 

68. The commutator in normal condition presents a 
smooth, brownish surface. If blackening appears after 
operation, it may be due to sparking or wearing. The rem- 
edy is easily applied when the trouble is located. If brushes 
are too loose, increase the spring tension. If brushes are 
badly burned, broken, worn down, or make poor contact, 
replace them with new brushes, sandpaper to a good fit, and 
smooth the commutator surface with sandpaper while 
running. Use No. i or No. 2 sandpaper. Do not use 
emery. If brushes are tight or welded in holder and do not 
work freely on commutator surface, put in new brushes or 
refit old brushes. If commutator becomes badly worn or 
shows irregularity, it should be renewed or turned down to 
a smooth, even surface in a lathe. If commutator is slotted 
between segments, it should be reslotted after turning down 
to remove copper burrs from segment edges. 

69. If the commutator flashes, it may be caused by a 
broken wire or coil, producing a greenish flame and burning 
the two bars diametrically opposite each other. This 
burning should be stopped by putting a jumper of solder or 
small wire across the burned bar, connecting the two adja- 
cent bars to each other until a complete examination can 
be made and the broken connection permanently repaired. 

A JJaie at the commutator may be e^.\x^e^ \)^ ^ ^oxv ^\s^- 
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uited field or a field coil improperly connected. A flbort 
iretiited field coil can be located by testing the voltage drop 
1 the coils by means of a voltmeter. An inconect fleU 
Diutection can be detected by a pocket compass which will 




low adjacent fields to have the same polarity if fields are 
icorrectly connected. Alternate fields should be north and 
>utb wbea &eld connections are correct. * 
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BRAKES 

60. Examine the brakes every morning. The brake 
is faced with leather, which must be renewed before wearing 
down to the brake band. 

61. Two adjustments are provided for taking up weir 
on brakes. The first is inside the spider on each rear whed 
and is used to equalize the brakes with each other. To 
adjust, remove cotter pins, free from bearing pin, and un- 
screw the toggle jaw to increase; or the reverse to decrease, 
pressure on brake shoe. This adjustment is seldom re- 
quired except when one brake shoe wears faster than the 
other. The second brake adjustment is on the rod connect- 
ing the foot lever with the equalizing lever under the rear 
of the car and affects both brakes. To adjust, screw on the 
toggle jaw to increase, and unscrew it to decrease, brake 
pressure. 

62. The brake toggle should never be adjusted so tight 
that less than one-eighth inch space shows between brake 
shoe and brake drum when brake is in " ofiF " position. If 
brake does not hold firmly and is found to be tight enough, 
it may be greasy or oily and should be washed out with 
gasoline. 

63. Do not apply brakes suddenly except in emergency, 
as a sudden stop may strip tires or do other damage. A 
steady braking pressure is usually possible. 

TIRES 

64. Tires should be watched to detect signs of looseness 
or other weakness. Prompt repairs of a slight nature will 
prolong the life of the tire. Do not allow oil or grease to 
reach or remain on any rubber tire. Oil rots rubber. Avoid 
unnecessary exposure of tires to extreme heat. Do not keep 
them in the hot sun when unnecessary. Start and stop 
gradually. Strains are bad for tires as for anything else. 
Avoid running in car tracks. It is hard on tires. 

CHAINS 

66. Once every month take oflF the chains driving the 
whtels, wash in kerosene until cVeaxv, \)cieii.^o^\xv.\io\.v«S\sw 
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or heavy grease. No other lubrication is needed here. 
rhese chains should show some slack when running, but 
not much. Too loose or too tight chains may jump off, 
stretch, wear out, or run hard. Motor chains should be 
lubricated twice weekly with a heavy grease. Engine grease 
NTo. 2, made by the Vacuum Oil Company, is recommended. 



BEARINOS 

66. The bearings on the motors and on the wheels and 
countershafts are properly adjusted before leaving the 
factory. 

67. They will probably need no further attention for six 
months, except to clean in kerosene or gasoline and repack 
with non-fluid oil No. K-000 once a month, or oftener if 
inspection shows this to be necessary. 

68. Do not set up the wheel bearing so tight it resists 
rotation ; keep it slightly slack. The wheels should be 
adjusted so that a little end shake can be felt, just enough 
to show the bearing is not jammed. Loosening the axle 
nut one-half turn after the wheel is set up tight is usually 
sufficient. 

69. In some makes the countershaft bearings may be 
adjusted for wear by adding thin steel adjusting washers 
between bearing cones and sprockets. These should be 
obtained from the maker. With sprockets off both ends, 
adjust one end until just a little end shake can be felt 
with sprocket on this end. Then adjust the other end by 
adding washers until the shaft turns hard after the sprocket 
is drawn up tight. Then take off this sprocket, remove one 
washer, and replace the sprocket. 

70. In single motor types the differential should receive 
the same inspection and lubrication as the bearings. Screw 
down the' grease cup one turn every morning, and oil other 
parts twice weekly. 

71. Do hot use graphite. Do not take a bearing apart. 
Do not let acid get into a bearing. Do not belieye the man 
who says that bearings will run safely without oil or grease. 
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STEERINO GEAR 

Kfcp all steering gear bearinga properly lubrical 
shaft bearing is oiled from the top by 
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noving oil cup cover. Pinion and sector should be well 
ubricated with heavy grease. Remove the upright steer- 
ing head pins on either end of the front axle about once a 
oionth and wash in kerosene. Keep all nuts and joints in 
5ood adjustment, to prevent lost motion. 

73. Figure 4 shows a representative chassis. The motor, 
controller, steering, and transmission gear are plainly 
shown. 

STORAGE BATTERIES' 

74. The storage batteiy of commerce is made up with 
electrodes having thdr active material of lead peroxide 
(Pb02) and sponge lead (Pb), as the positive and negative 
electrodes respectively, immersed in a dilute solution of 
sulphuric acid (H2SO4). 

76. When fully charged and in good condition, the posi- 
tive plates have a dark reddish-brown or chocolate color, 
while the negatives are gray or slate-colored. The plates 
may be readily distinguished by their colors and also by the 
character of the active material. The lead peroxide is 
hard like soapstone, while the negative material is soft and 
can be easily cut into with the finger nail. The negative 
material is pure lead which has been reduced to a sponge- 
like form. 

76. On discharge, the electrolyte combines with the ac- 
tive materials of the electrodes, and on charge the active 
materials are reduced to their original condition, the chemi- 
cals extracted from the electrolyte being released and re- 
turned to it. From this it follows that the density of the 
electroljrte is greater at the end of charge than at the end of 
discharge, and also that the active material on the plates 
expands as discharge proceeds. The chemical formida for 
the actions above set forth is: — 

Charge 



Pb02 -H Pb + 2 H2SO4 = 2 PbS04 -H 2 H2O 

^ 

Discharge 

Read from left to right, it shows the reaction on discharge, 
while from right to left the reactions produced by the charg- 

' Extract from "Standard Handbook ior EUclticaV Y^iv^w^^^^' 
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ing current are indicated. It shows that on discharge 
SO3 is abstracted from the H2SO4, which combines with the 
positive and negative active material to form lead sulphate 
(PbS04) and water (H2O), while in charge the chemical 
action of the current releases the SO3, restoring the plates 
to their previous active condition. 

77. The unit of capacity of any storage cell is the ampere- 
hour and is generally based on the eight-hour rate of dis- 
charge. Thus a one-hundred-ampere-hour battery will give 
a continuous discharge of twelve and one half amperes for 
eight hours. Theoretically it should give a discharge of 
twenty-five amperes continuously for four hours, or fifty 
amperes for two hours. As a matter of fact, however, the 
ampere-hour capacity decreases with an increase of dis- 
charge rate. 

78. The capacity of a cell is proportional to the exposed 
area of the plates to which the electrolyte has access, and 
depends on the quantity of the active material of these parts. 

79. Theoretically the weight of metallic lead on either 
element, reduced to sponge lead or to lead peroxide, re- 
quired to produce one ampere-hour of discharge is 0.135 
ounce avoirdupois; if converted into peroxide, this wiU 
weigh 0.156 ounce. In practice, however, the weight of 
active material required per element is from four to six 
times the theoretical, for the reason that it is impossible 
to reduce all the active material to bring every particle into 
contact with the electrolyte; or to cause every part to be 
penetrated by the current. Experiments show that from 
0.50 to 0.80 ounce of sponge lead, and from 0.53 to 0.86 
ounce of metallic lead converted into peroxide, are required 
on their respective elements to produce a discharge of one 
ampere-hour at ordinary commercial rates. 

80. The capacity of batteries depends, therefore, on the 
size and number of plates in parallel, their character, the 
rate of discharge, and also on the temperature. Taking the 
eight-hour rate of discharge and the temperature of 60° F. 
as standard, the capacities which obtain in American prac- 
tice are from forty to sixty ampere-hours per square foot 
of positive plate surface (i. e. no. of positive plates in parallel 
X length X breadth X 2). 

81. The voltage of any stoiage telW de^erAs* q»x^^ w!l ^t 
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racier of the electrodes, the electrolytic density, and the 
ditionof the cell, and is independent of the size of the cell. 
>2. The voltage of the lead sulphuric acid cell when being 
,rged is from z to 2.5 volts, while on discharge it varies 
■n 2.0 down to 1.7 volts. 
i3. High battery voltages arc obtained by joining the 




— The EleUrit Storage Butery Company's Tjpe " M V " 13 Cell. 

uired number of ceils in series. Thus to obtain an electroi- 
tive force of one hundred volts, approKimately fifty cells 
series are required. The voltage of a cell under any 
dition of charge varies with the density of the electrolyte 
I to a certain extent with the temperature, 
'he tionbles to which batteries are most commonly sob- 
i are : ■ — 

W-oss of capacity. 
s of voltage. 
iTosion oi eieclrodes. 
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^^^ 4. Distortion and fracture. 

^^ 5. Shedding of active material. 

Nearly all of these except the third are directly Iraceali 
to overdischarge, although overcharge and impurities ii 
the electrolyte are important factors. 

84. Snlphation. — As has been shown, on discharge ihit 
portion of the active material which enters into the chemical 
combination with the electrolyte is reduced to lead suI- 



I 




phate. This substance, when pure, is while, is a non- 
conductor, and occupies a much greater volume than the 
pure lead or lead peroxide which forms it. 

86. Battery discharge is usually stopped at a poini 
where a comparatively small part of the active material 
has been converted into sulphate. This sulphate being 
mixed with the uncombined active material, the whole 
mass retains its conductivity to a large extent and does not 
expand to a harmful degree if provision is made for a rea- 
sonable amount of expansion. If discharge is prolonged) 
however, beyond the proper point, its effects are OVBIW 
sulpbation, which manifests ilaeW m a. \a™\."j cS. -wa^il^l 
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86. Figures 5 and 6 illustrate two types of electric 
vehicle storage batteries. 

THE CARE OF AUTOMOBILE STORAGE BATTERIES 

87. Intelligent observation of approved methods of 
batteiy maintenance will result in efficient service, and 
demonstrate the superiority of the electric vehicle in all 
fields to which it is adapted. 

88. All storage batteiy manufacturers give complete 
and detailed instructions on the operation and care of their 
batteries, but such instructions are not the same for all 
types of batteries. The following refers particularly to 
" Exide " batteries: — 

89. Ohaiging current, in all cases, should be direct. 
If an alternating current circuit only is available, direct 
current may be obtained by means of a mercury arc rec- 
tifier, or a motor generator set, the former being more 
efficient for the purpose. 

90. Suitable charging apparatus should be obtained and 
installed by a competent electrician, or by the vehicle 
manufacturer. 

91. To charge the batteries place the controller handle 
and vehicle switches in the position given in instructions 
furnished with the vehicle. 

92. Open the battery compartment to obtain as much 
ventilation as possible. If the cells can be reached, remove 
the rubber plugs from the covers. 

93. Do not bring a naked flame near the cells while 
charging, or immediately afterwards. Accumulated gas 
is apt to explode. 

94. All lamps on vehicle must be turned off while 
charging, as, if in use, they are apt to be burned out by the 
increased voltage. The bell should not be rung. 

96. With the battery switch on the switchboard open, 
and with all resistance in, place the charging plug in its 
receptacle on the body of the vehicle, close the battery 
switch, and by moving the rheostat handle and watching 
the ammeter adjust the current to the proper starting rate. 
All battery manufacturers furnish inatructLon bodka <iu. 
ebarging rates. These instructions s\io\M \i^ 'sXtsj:.^^ 
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adhered to. For example, if the battery to be charged 
consists of twenty-four cells of 9 PV Exide, the charge 
should be started at nineteen amperes, and kept at that rate 
until the voltmeter indicates sixty-one volts, then reduce 
the rate to eight amperes and keep it there until the voltage, 
which fell when the rate was reduced, stops rising, or, in 
other words, reaches a maximum. This maximum will, 
in general, be approximately the same as the voltage at 
which the rate of charge must be reduced. 

96. The time required for a charge will depend upon 
the amount of the previous discharge. If this has been two- 
thirds of the capacity of the battery, about three hours at 
the starting rate and an hour and a half at the finishing 
rate will be necessary. If the battery has been discharged 
to the extent of 75 per cent, about six hours will be neces- 
sary for the recharge. 

97. When the vehicle is to be charged at night from a 
rectifier, the regulator may be placed in position and the 
battery left to charge without further attention,' as the cur- 
rent will continue to enter the battery until it is completely 
charged, then the rectifier will automatically cut oflF. 

98. If, in case of an emergency, it is desired to charge 
the battery more quickly than usual, a higher rate than nor- 
mal, never exceeding 50 per cent over the starting rate, 
may be used. 

99. Care should be taken to fully charge the battery, 
but it must not be excessively overcharged. Much injury 
may be done by pounding a nearly full battery at a high 
rate. 

100. After completing the charge, and before disconnect- 
ing the battery from the switchboard, alwajrs turn the 
rheostat handle back, before opening the battery switch. 

101. Batteries are sometimes charged too frequently. 
For instance, if a battery will run a vehicle forty miles on 
one charge, and the vehicle is run five miles, then charged, 
taken out again, run nineteen miles and charged again, 
then is given another run of ten miles and is charged, 
the vehicle has been run only thirty-four miles, but has 
been charged four times. 

102. The greatest wear on the plates of a battery occurs 
during the £nal part of the charge, li^ \.Tea.\m^V\\^\i^Vya^ 
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LS above it was charged three times of tener than necessary, 
ind then did not make the mileage it was capable of on one 
ull charge. In other words, when a vehicle is in daily use 
or short runs, money is saved on the current bill and the 
ife of the plates is prolonged if the battery is not charged 
mtil 75 per cent of its capacity has been exhausted. 

103. The battery should be inspected regularly, not less 
ban once a week. Even if no adjustments are found 
lecessary, the inspection should not be neglected. 

104. To get the best results from a battery, it should never 
)e discharged below 1.70 volts per cell, with the vehicle 
xinning at full speed on level ground. 

ELECTROLYTE 

106. Caution should- be taken against the use of acid 
or batteries that has not had the approval of the battery 
nanufacturers. Many have taken oil of vitriol, 1835° 
;pecific gravity, or 66° Baume, and mixed their own battery 
solution. This practice is bad, as no acid can be greater 
:han 1400° without carrying impurities with it. These 
mpurities are iron, lead, and other metals. Coniine the 
ise of the strong acid to your burning outfits exclusively. 
Use nothing stronger than 1400°, and that only upon ap- 
proval of its purity and under the direction of the battery 
nanufacturers. This is one of the things that must not 
36 looked upon lightly. 

BRIEF REMINDERS ON CARE OF BATTERIES 

106. Paste these in your hat ! Post them on the battery 
:ompartment lid or door ! Stick them on the charging 
switchboard ! and try to imprint them upon the brain of 
the man responsible for the care of your vehicle. 

107. While they tell and instruct much, they suggest 
nore, and any concern supplying batteries will gladly 
'umisb the fullest detail in their amplification. 

A battery must alwasrs be charged in the right direction 
md " direct " current used. 

108. Be careful to charge at the proper rates and to give 
the right amount of charge: do not undercharge or over- 
zharge to an excessive degree. 
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109. Do not bring a naked flame near the batteiy while 
charging or immediately afterwards. 

110. Do not overdischarge. 

111. Do not allow the battery to stand completely dis- 
charged. 

112. Voltage readings should be taken only when the 
battery is charging or discharging. If taken when the bat- 
tery is standing idle, they are of little or no value. 

113. Do not allow battery temperature to exceed 100** F. 

114. Keep the electroljrte at the proper height above the 
top of the plates and at the proper specific gravity. Use 
only pure water to replace evaporation. Never use add, 
except under conditions as explained in 106. 

116. Keep the cells free from dirt and all foreign substances 
both solid and liquid. 

116. Keep the battery and all connections clean. Keep 
all bolted connections tight. 

If there is a lack of capacity in a battery, due to low cells, 
do not delay in locating and bringing them back to condition. 

117. Do not allow sediment to get up to the plates. 

MERGURT ARG REGTIFIERS 

118. With the introduction of the mercniy arc rectifier 
it is possible to obtain direct current from alternating at a 
low cost, because the regulation is obtained from the al- 
ternating side of the rectifier, while the current comes 
from the direct-current side. The mercury arc rectifier is a 
unique piece of apparatus. The theory is as follows: — 

119. In an exhausted tube having one or more mercuiy 
electrodes, ionized vapor is supplied by the negative elec- 
trode or cathode, when the latter is in a state of " excita- 
tion." This condition of excitation can be kept up only 
as long as there is current flowing towards the negative 

f^etrode. If the direction of the voltage is reversed, so 

the formerly negative electrode is now positive, the 

lit ceases to flow, since in order to flow in the opposite 

ion it would require the formation of a new negative 

rode, which can be accomplished only by special means. 

-jefore, the current is alwasrs flowing towards one elec- 

'•e cathode, which is kept exdV^^ \i^ \.Vv^ cvirrent 
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. Such a tube would cease to operate on alternating- 
;nt voltage after half a cycle if some means were not 
ided to maintain a flow of current continuously towards 
legative electrode. 

0. In the General Electric rectifier tube there are two 
bite electrodes (anodes), A, A, and one mercury cathode, 
'ig. 7). Each anode is connected to a separate side of 
iltemating-current supply and also through reactances 
le side of the load. The cathode is connected to the 
r side of the load. As the current alternates first one 
e and then the other becomes positive, and there is a 
inuous flow of current towards the cathode, thence 
jgh the load and back to the opposite side of the supply 
igh a reactance. At each reversal the reactances dis- 
je, thus maintain- 

the arc until the L 

ige reaches the 
e required to main- 
the current against 
:ounter e. m. f. of 
load, and also re- 
[ig the fluctuations 
le direct current, 
lis way a true cen- 
sus current is pro- 
d with very small 
in transformation. 

1. A small elec- 

2. C, connected to 
ide of the altemat- 
urrent circuit is 
forstartingthearc. 
ight tilting of the 
makes a mercury 
^e between B and C 
draws an arc as 
as the tube returns 
vrertical position. 
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Fig. 7. 



2. The panel shown in Figure 8 is intended for charg- 
1 number of automobiles in electric garages. While 
*xact method will differ with the coui^ Veccv 
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consists briefly in charging a number of vehicle battj 
in series and others in multiple. The best combinaEij 
easily obtained by a simple calculation, and this i 




will be found very efficient in either small or large gaji 
I The panel illustrated is manufactured by the Generall 
t.tfjc Compa.ay. 
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bvESTINGHOUSE MEEOURT RECTIFIERS 

a. The Weslinghouse Electric and Manufacturing 
pany have devised several types of mercury rectifier 
sry-charging outfits to fulfill various conditions of 
Bervice. The type A, which is especially designed for 
automobile storage batteries is described below. 




. The charging of storage batteries for the electric 
mobile is one of the handicaps with which this desir- 
type of vehicle has suffered. It has Tec\\i\teii. uvOTt <« 



i 
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less expert attention, such as the individual owner is rank 
prepared to give, which usually means the return of ihe 
vehicle to the garage. The type "A" mercury rectifia 
t-outfit (Fig. 9), recently placed on the market, is designed to 
jovercome the charging difEculties commonly met wih, 
as it is an outfit which can be readily adjusted for charging 
any particular battery and which is entirely automaiif 
in its operation. With this new mercury rectilier oulii! 
it is only necessary to set the regulating dial pointeia ai 
cording to the table in the instruction card on the out&l. 
After this has once been done no readjustment is necessarr 
during the progress of the charge or from charge to charge. 
In regular charging it is simply necessary that the rectifier 
outfit be cut into the vehicle battery and the primal) 
current supply switch closed. The mercury rectifier i% 
immediately started, automatically, and proceeds to supply 
direct current, charging the battery, 

126. The type "A" rectifier outfit is not only self-slari 
ing when primary switch is closed, but if at any time 1! 
current is interrupted during the charge, it automatical ■ 
stops itself until the battery reaches a point where it is cui 
out by the completion of the battery charge. 

126. This permits the individual owner to run the vehicle 
into his private garage, connect it up with the type " A " 
Westinghouse mercury rectifier, close the primary switch, 
and go to bed, knowing that in the morning he will find 
his automobile with the battery fully charged, all ready for 
operation, he merely having to open the primary switch 
and disconnect the battery from the rectifier outfit. 

127. When there is no danger of momentary interruption 
in the primary circuit, the type " A " rectifier outfit can 
be furnished without the automatic starting features, if 
so desired. This outfit has the other characteristics of 
gradually cutting down the current as the voltage of the 
battery cells rise, and cutting out automatically when the 
charge is completed, and it differs from the type " A " 
automatic outfit only in requiring the bulb of the rectifier 
to be tilted by hand in order to start it. 
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131. HOW TO COMPARE THE USE OF HORSES 
WITH THE USE OF ELECTRIC VEHICLES 



, Horses 

Wagons: 



rucks: 

•ther vehicles: 



[amess: 



HOKSK Equipment 




Investment 


s 


@ 


i-horse 
2-horse 


@ 
@ 


2-borse 
4-horse 


@ 
@ 




@ 
@ 
@ 


Single 

Double 

3-horse 

4-horse 

6-horse 


@ 
@ 
@ 
@ 
@ 



;lankets, robes, etc. 
Leal estate 

table tools and fittings 
)ther investment 

Total investment 
nterest on above @ % 

Qsurance 
)epreciation: 

Horses % $ 

Wagons % 

Trucks % 

Other vehicles % 

Harness % 

Blankets, etc % 

Building % 

Tools and fixtures % 

Total depreciation 
>perating expenses: 

Oats, hay, straw, etc. 

Shoeing 

Veterinary service 

Replacing tools and fittings 

Replacing blankets, robes, etc. 

Repairing vehicles 
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Operating expenses: 

Repairing harness 

Repairing building , 

Labor, foremen 

Labor: stablemen 

miscellaneous 

teamsters 

helpers 

Licenses 

Miscellaneous expense 



4* 



BtcerL 

ac-'ni 
is « 

To 



pel. 
ere 



Total annual expense $ 

132. ELEGTRIG VEHICLE EQUIPMENT 



;C1 

Ifaa: 

!«rc 

lad 

Information necessary before proper selection can ht^^ 
made: — iwrb 

Weight of initial load. 
Number of trips reqtfired. 
Distance outgoing loaded. 
Number of packages (average). 
Distance returning trip. 
Are packages collected on return? 

How far from starting point before deliveries are begun? |7 
Are packages bulky? 
What are the street conditions? 



At 



133. TABLE OF INVESTMENT AND EXPENSE 






"The following tabulation of investment and ex 
pense is submitted to serve as a guide to industrial execu- |^ 
tives to make a comparison of the amount of horse work 
which the machine may be capable of performing in and 
around their plants. Without knowing the vital features 
of operating conditions it would be impossible to predict 
accurately the operating expense in any specific case. 

134. " The figures given herewith are in two groups, one 
intended to cover * ordinary ' service, where the load is 
transported only a portion of the entire distance traveled, 
and the other to cover * maximum ' conditions in such cases 
wherein the load is carried the total distance, as in the trans- 
fer of outgoing material from factory to freight stations, 
and on return trip the transfer of incoming freight to the 

factory. " 
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Maximttm Heavy Service 

:hicles: 

rrying 

in lb. 800 lb. zsoolb. 2500 lb. 4000 lb. 7000 lb. 10,000 lb. 

:ost of 

. . $1850.00 $3300.00 $2800.00 $3350.00 $3700.00 $4500.00 

nent. 64.93 95*67 148.51 163.51 188.00 295.64 

. . $1914.93 $2395.67 $2948.51 $3412.51 $3888.00 $4725.64 



1 de- 

(less 
d tires) $258.06 $317.68 $369.50 $423*90 $481*58 $589*58 
s, and 

. . 79.27 117*35 210.00 408.45 691.42 805.35 

and 
-epairs 84.28 106.43 126.73 141.83 163.33 303.95 

:newai 

ings . 197*64 383.80 438.35 490.05 563.36 638.98 \ 
irrent, 
it6ct. 

. . 168.38 370.00 414.00 553.60 630.00 709.30 



. . $787*53 $1095.36 $1558.48 $3016.83 $3527.59 $2936.06 

Ordinary Light Service 

hides: 

rying 

1 lb. . 800 lb. 1500 lb. 2500 lb. 4000 lb. 7000 lb. zo,ooo lb. 

cost 

e . . $1850.00 $2300.00 $2800.00 $3250.00 $3700.00 $4500.00 

nent . 64.93 95*67 148.51 162.51 188.00 225.64 

. . $1914.93 $2395.67 $2948.51 $3412.51 $3888.00 $4725.64 



d de- 

(less 
d tires) $258.06 $317.68 $369.50 $423.90 $481.58 $589.58 
s, and 
. . . 31.71 35*56 84.00 133*65 230.45 268.45 

and 
epairs 49.30 61.89 72.96 81.86 93*58 126.76 

newal 

ings . 98.82 141.90 219.14 245.02 281.13 3x4*49 

irrent, 
t 6ct. 

. . 168.28 270.00 414.00 552.60 630.00 709.20 



. . $606.17 $827.03 $1159.60 $1437.03 $1716.74 $2008.48 
he price per kilowatt-hour should be changed to suit local conditions. 

an example of what may be expected from auto- 
ider proper conditions and with intelligent man- 
the figures in tables 136 and 137 merit careful 
3n. They are extracted from a report made by the 
f the traffic department to the board of an express 
md embody a comparison belweeiL \)afc tsntk^jsrss.. 
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cost, and operating expense of the horse-drawn vel 
required to perform a certain work and the number, 
and operating expense of automobiles accomplishinj 
same work. The figures are compiled from actual s 
and garage accounts, and are authoritative. 

136. THE HORSE SERVICE 

Cost of Fifty-three Double Wagons 

39 3-ton wagons at $373 $14, 

5 2-ton wagons at $329.43 i. 

9 i-ton wagons at $379.10 3 

212 horses at $220 46 

53 sets double harness at $45 2 

$68 
Annual Operating Expenses 

Interest on $68,631.65 at 5 per cent $3 

Depreciation : 

Wagons, $19,606.05, at 10 per cent i 

Horses, $46,640.00, at 13 per cent t 

Harness, $2,385.00, at 14 per cent 

Feed and labor: 

212 horses at $26.70 per month 65 

53 drivers at $65.00 per month 4] 

53 helpers at $45.00 per month 28 

$I4( 

137. THE ELECTRIC VEHICLE SERVICE 

Cost of Forty Electric Trucks 

10 3-ton trucks at $3,600 %$( 

Extra battery 

30 2-ton trucks at $3,400 10: 

3 extra batteries at $376.20 

Fittings for 10 trucks at $100 

$14. 

Annual Operating Expenses 

Interest on $140,570.80 at 5 per cent $ 

Depreciation : 

Trucks, less tires and batteries: 

$110,742 Sit 10 per cent "J 

2S& 



\ 



6, 138 ELECTRIC VEHICLE ENGINEERING 

Ittery trays, jars, and fittings: 

-Sa,978.8o at 10 per cent 297.88 

tery plates, $14,300, at 75 per cent 10,725.00 

5, $11,550, at 125 per cent 14,437.50 

It and labor: 

iplete charge, 313 days: 

3-ton trucks, 26 kilowatts, at 4 cents 3»255.20 

2-ton trucks, 20 kilowatts, at 4 cents 7,512.00 

^e help, 5 men 4,080.00 

^irivers at $65 per month 31,200.00 

helpers at $45 per month 21,600.00 

$111,210.32 



Saving in favor of electric trucks $38,463.73 

, Or 25.7%. 

Schedules A, B, C, and D, following, show the method 
t computing comparative costs between Horse and Auto- 
mobile operation in a specific case where the same work 
'Bs to be accomplished by each equipment. 



138. SCHEDULE ''A" 
Horse Transportation Analysis 



s^vestment: 



60 Horses @ $200 $12,000.00 

20 Route Wagons @ $280 5,600.00 

2 Supply Wagons @ $300 .... 600.00 

25 Double Harness Sets @ $70 . . . 1,750.00 

Stable Equipment 1,200.00 

$21,150.00 

Annual Operating Expense: 

Interest, $21,150.00 @ 6% .... $1,269.00 
Depreciation, Repair, and Replacement 
Horses, Wagons, and Harness, $19,900 

@ 15% 2,985.00 

Stable Equipment, $1,200 @ 10 % . . 120.00 

Maintenance and Labor: 

Feed (at stable) : 

60 Horses @ 45 ct. X 305 days . . $8,235.00 
Pasturing : 

60 Horses @ .1667 ct. X 60 days . . 600.00 

Shoeing: 

60 Horses @ yi ct. X 365 days . . i,6^2.$o 
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Stable Charges: 
60 Horses @ 55 ct. X 365 days . . 12,045.00 
(This latter includes Labor, Rent, Insur- 
ance, Light, Heat, and Water) 

Annual Operating Expense, less drivers $26,80.50 %i 

* , -= $73-69 Expense per Day. 

Drivers as per Schedule "C" ] 



*IV>t&l Annual Operating Expense %< 



t>\AK$r>»KXT: 



ArTOMOBIL£ PsosFEcrus 



to jNN»4K Mjic^nes # $5 700 Appiox. $3 7,000.00 
\v> Ktir» lUi. 44,1 7 MA\ ^ $840 Appiox. 8,400.00 
.V|N|vj|»it\s$ to Chjo^i^ aad Xlaintrnance 1,200.00 



ttrtt^Tf^f^ - $U^,^^^ C^ ^ ^ - - - - $2,796.00 
^V*»!nNn*tkMi »^^7jfcii^ Ptrod': Ma- 

Ai?i««^ ktSi Ban«rks and T5t«s, 

^N<^-^ vC^ 1,371-50 

.K4r>f*HTnt4«i ><i^ OhaitriTur and Xaime- 

w*rKy^, ^,^cc 5"^ , ^ , , , 60.00 

Xnmml Viws: Oha^jje? $4,227.50 



$ 



$ 



If^fN^rvs 0!«in?Tur arw; lit-- 

^^^T^H ... $^«xi.5r ^:22,3S i 

INnk ^.e!fn««s unr, ^^nrw^ rrii6t> 232x47 

Va">»s*>v^ mv: V.i^v ?<-enai?s i-aii^ 157.15 



$i«.4i&.5i S3j^e&,ao ^ 
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Drivers t 

2 Men per Machine @ $3.75 : 

Drivers Expense — $8,872.50= 877.50 1,170.00 6,825.00 

^ Total Annual Expense: 

$27,726.99 =$3,432.58 $3,712.58 $20,581.83 

Example: 

To add 2 Machines and two 
(2) Batteries for May-Nov. 
Service: increase May- 
Nov. Total Annual Ex- 
pense by 20% and increase 
proportion of Fixed 
Charges in other columns 
by 20% 

Thus: Total $4,468.62 . . = 211.36 140.90 4,116.36 

Increase, $32,195.61 . . . = $3,643.94 $3,853.48 24,698.16 



140. SCHEDULE '' C " 

Comparative Analysis 

Horse Transportation Maintenance 

Period Days Exp. Dec.-Feb. Mar.-Apr. May-Nov. 

Dec.-Jan.-Feb. . 90 @ 73.69 $6,632.00 
March-April . 61 @ 73.69 $4,495.00 

May-Nov. . . 214® 73.69 $15,769.00 

Exp. Maintenance $26,896.00 



Period Days Wagons Cost Labor: 

Dec.-Jan.-Feb. 78 X 6 X 3.75 1,755.00 

March- April . 52X12X3.75] 

March i supply > 2,431.00 

Wagons . 52 X I X 1.75 J 
May-Nov. . . 182 X 20 X 3. 75 ] 
May 2 supply I 14,287.00 

Wagon . . 182 X 2 X 1.75 J 
Expense Drivers $18,473.00 

Total Horse Exp. $45,369.00 



$8,387.00 $6,926.00 $30,056.00 
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AuTOUOBiLE Tbahspostation: 
Period Days Expenses 

Dec.-Tan.-Feb. 90 Sch. "B" 
March-Aprii 61 Sch. "B" 
May-Nov. . 314 Sch. "B" 
Exp. Maintenance $18,854.49 



Maintenance; 



Period Wt. Mar. Cost 

Dec.-Jan.-Feb. 78 3 3-75 

March-April . 53 6 3.75 

May-Nov. . . 183 10 3.75 

Expense Drivers . $8,872.50 

Total Machine Exp. $27,716.99 



$3,433.58 $3,7H.S8 $10.! 



Annual Saving: 



By Machines vs. Horses, 

$17,643.01 - $4,954.43 $3,213.43 $9,, 

If the machine equipment above 
provided for has to be in- 
creased during the May-Nov. 
period by two additional ma- 
chines wilh two extra batter- 
ies, the saving shown wilt he 
reduced by (see Report) 
$4,684-62 - 211.36 140.90 4, 



141. SCHEDULE " D " 



Work Performances 


R Load Characteristics 


Present Hokse Method 
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lELECTRICAL DEFINITIONS AND INFORMATION OF DAILY 
USE TO THE ELECTRIC VEHICLE USER 

Accumulator. — Storage battery. 

Alternating Current. — That form of electric current the direction 
of flow of which reverses a given number of times per second. 
Ammeter. — An instrument for measuring electric current. 
Ampere. — Unit of current. It is the quantity of electricity which 
will flow through a resistance of one ohm under a potential of one volt. 
Ampere-hour. — Quantity of electricity passed when electricity 
flows at the rate of one ampere for one hour. 

Anode. — The positive terminal in a broken metallic circuit; the 
terminal connected to the carbon plate of a battery. 

Armature. — That part of a dynamo or motor which carries the 
wires that are rotated in the magnetic field. 

Branch Conductor. — A parallel or shunt conductor. 
Brush. — The collector on a dynamo or motor which slides over 
the commutator or collector rings. 

Busbars. — The heavy metallic bars to which dynamo leads are 
connected and to which the outgoing lines, measuring instruments, 
etc., are connected. 

Buzzer. — An electric alarm similar to an electric bell, except that 

the vibrating member makes a buzzing sound instead of ringing a bell. 

Candle Power. — Amount of light given off by a standard candle. 

Capacity, Electric. — Relative ability of a conductor or system to 

retain an electric charge. 

Charge. — The quantity of electricity present on the surface of a 
body or conductor. 

Choking Coil. — Coil of high self-inductance. 
Circuit. — Conducting path for electric current. 
Circuit-breaker. — Apparatus for automatically opening a circuit. 
Collector Rings. — The copper rings on an alternating-current 
dynamo or motor which are connected to the armature wires and over 
which the brushes slide. 

Commutator. — A device for changing the direction of electric 
currents, 
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Condenser. — Apparatus for storing electricity. 
Cut-out. — Appliance for removing any apparatus from a circuit 
Cycle. — Full period of alternation of an alternating-current circuit. 
Diamagnetic. — Having a magnetic permeability inferior to that 
of air. 

Dielectric. — A non-conductor. 

Dimmer. — Resistance device for regulating the intensity of illu- 
mination of electric incandescent lamps. Used largely in theaters. 
Direct Current. — Current continuously in one direction. 
Dry Battery. — A form of open circuit battery in which the solu- 
tions are made practically solid by addition of glue jelly, gelatinous 
silica, etc. 
Electrode. — Terminal of an open electric circuit. 
Electrolysis. — Separation of a chemical compound into its elements 
by the action of the electric current. 

Electromagnet. — A mass of iron which is magnetized by current 
through a coil of wire wound around the mass but insulated there- 
from. 

Electromotive Force. — Potential difference causing current. 
Electroscope. — Instrument for detecting the presence of an 
electric charge. 

Farad. — Unit of electric capacity. 

Feeder. — A lead from a central station to some center of distri- 
bution. 

Field of Force. — The space in the neighborhood of an attracting 
or repelling mass or system. 

Fuse. — A short piece of conducting material of low melting point 
which is inserted in a circuit and which will melt and open the circuit 
when the current reaches a certain value. 

Galvanometer. — Instrument for measuring current strength. 
Generator. — Rotating machine for production of e. m. f . 
Inductance. — The property of an electric circuit due to the lines 
of force which are developed around it. 

Insulator. — Any substance impervious to the passage of electricity. 
Kilowatt. — looo watts. (See watt.) 
Kilowatt-hour. — looo watt-hours. 

Leyden Jar. — Form of condenser which will store electricity. 
Lightning Arrester. — Device which will permit the high- voltage 
lightning current to pass to earth, but will not allow the low-voltage 
current of the line to escape. 
MotoT-generatOT. — Motor and generalot otv V\ie ?a.Tcift ^^\^ fet 
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changing alternating current to direct and vice versa, or changing 
current of high voltage and low intensity to current of low voltage 
and high intensity and ince versa. 

Multiple. — Term expressing the connection of several pieces of 
electric apparatus in parallel with each other. 

Multiple Circuits. — See parallel circuits. 

Neutral Wire (direct current). — Central wire in a three- wire dis- 
tribution system. 

Ohm. — The unit of resistance. It is arbitrarily taken as the re- 
sistance of a column of mercury one square millimeter in cross sectional 
area and io6 centimeters in height. 

Parallel Circuits. — Two or more conductors starting at a common 
point and ending at another common point. 

Polarization. — The depriving of a voltaic cell of its proper electro- 
motive force. 

Potential. — Voltage. 

Resistance. — The quality of an electrical conductor by virtue of 
which it opposes an electric current. The unit of resistance is the 
ohm. 

Rheostat. — Resistance device for regulating the value of current. 

Rotary Converter. — Machine for changing alternating current to 
direct current or vice versa. 

Secondary Battery. — A battery whose positive and negative elec- 
trodes are deposited by current from a separate source of electricity. 

Self-inductance. — Tendency of current in a single circuit to re- 
act upon itself and produce a retarding effect similar to inertia in 
matter. 

Series. — Arrange in succession, as opposed to parallel or multiple 
arrangement. 

Series Motor. — Motor whose field windings are in series with the 
armature. 

Shunt. — A by-path in a circuit which is in parallel with the main 
circuit. 

Shunt Motor. — Motor whose field windings are in parallel or shunt 
with the armature. 

Solenoid. — An electrical conductor wound in a spiral and form- 
ing an electromagnet. 

Spark gap. — Space between the two electrodes. 

Storage Battery. — See secondary battery. 

Thermostat. — Instrument which, when heated, closes an electric 
circuit. 
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Transformer. — A device for stepping-up or stepping-down alter- 
nating current from low to high or high to low voltage, respectively. 

Volt. — Unit of electromotive force or potential. It is the electro- 
motive force which, if steadily applied to a conductor whose resistance 
is one ohm, will produce a current of one ampere. 

Voltage. — Potential difference or electromotive force. 

Voltmeter. — Instrument for measuring voltage. 

Watt. — Unit representing the rate of work of electrical energy. 
It is the rate of work of one ampere under a potential of one volt 
Seven hundred and forty-six watts represent one horsepower. 

Watt-hour. — Electrical unit of work. Represents work done by 
one watt expended for one hour. 



TERMS, NAMES, AND THEIR MEANING 

First Type of Cell considered — Description of the Ezide Batteiy 

Parts 

Positive Plate. — Dark brown in color. 

Negative Plate. — Dark gray in color. 

Straps. — Are of molded lead with tapering rectangular openings^ 
into which the lugs of the plates are burned. 

Top or high-burned straight strap. 

Top or high-burned plate strap. 

Pillar strap. 

Connectors. — Are of molded lead and are used for connecting 
adjacent cells equipped with pillar straps. 

Lugs. — The portion of the frame of each plate which projects from 
its top. 

Positive Group. — This consists of a number of positive plates, held 
together by one of the straps described above, and is distinguished by 
the dark or brownish color of the plates. 

Negative Group. — This consists of a number of negative plates, 
held together by one of the straps described above, and is distin- 
guished by the grayish or slate color of the plates. 

Rubber Separators. — Are made of thin sheets of perforated hard 
rubber and are to be placed on both sides of each positive plate. 

Wood Separators. — Are made of specially treated wood, grooved 

on one side, one being placed between each positive and negative 

plate, with the flat side against the negative. 

Separator Hold-downs. — In cells equipped with pillar straps the 

266 



ELECTRICAL DEFINITIONS AND INFORMATION 

apron or fin extending from the bottom of the strap serves as a sepa- 
rator hold-down. 

In cells equipped with top or high-burned straps four pieces of hard 
rubber are used, two thick and two thin ; the thick pieces are placed 
at each side of the cell on the thin pieces, which rest across the top of 
the element, back of the plate lugs. The two thick pieces support the 
two-piece cover used with this strap. 

A glass hold-down should be used in cells equipped with top straps 
when covers are not to be used. 

Element. — This consists of one positive group, one negative group, 
and rubber and wood separators. 

Hard Rubber Jar. — A vessel made of hard rubber to hold the 
element and electrolyte. 

Hard Rubber Cover. — A piece of hard rubber cut to fit into the 
top of the jar, and provided with holes and slots for the rubber plug, 
and the straps or plate lugs. 

Soft Rubber Plug. — Made of soft rubber to fit into the hole in the 
middle of the cover. It is removed when the electrolyte is to be 
tested or the cell examined ; also during charging, when practicable. 

Sealing Compound. — A plastic composition sometimes used to 
seal the rubber cover into the jar to prevent slopping and spilling of 
the electrolyte. 

Electrolyte. — The fluid or solution in the cells, a mixture of espe- 
cially pure sulphuric acid (oil of vitriol) and pure water (preferably 
distilled). 

Complete Cell. — The element and electrolyte in a rubber jar with 
cover and soft rubber plug. 

Terminal Connectors. — Lead lugs into which are cast cable or 
wire. They connect the free ends of a group of cells to the terminals. 

Terminals. — Metal castings attached to the tray, from which the 
groups of cells are connected together and the battery to the controller. 

Battery. — Any number of complete cells assembled. Usually an 
Dak box, properly reenforced, with the wood treated to render it acid 
proof. 

Tray. — The receptacle in which the cells are assembled in one or 
more trays. 

Polarity Marks. — A cross (4-) indicates positive and a dash ( — ) 
indicates negative. 
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Adaptability of electricity 

2— 8 to lo 

Advantages, fundamental, of 

electricity 2 — 4 to 21 

Advertising central station 1 — 76 

electric light 2 — 63 to 72 

effectiveness 2 — 63 

signs 2 — 70 to 72 

electric signs — see Signs 

store window 2—64 to 69 

Air compressors, power required 

to drive &— 88 

Air, vitiation by 

candles 2 — 34 

electric lamps 2 — ^34, 35 

gas 2—34 

human beings 2 — 34 

Ammonia ice machine 6 — 103 

Appliance department, care of 

goods 4-— 107, 109 

daily reports 4 — 94 

display of goods 4 — 102 to 105 

office record 4 — 95 to 97 

stock keeping 4 — 98 to loi 

record 4 — loi 

shelves 4 — 99 

system 4 — 92 to loi 

Applications electric heaters, 

classified 4 — 124 

electric motor, classified 

6 — 120, 121 
Arc, brightness 3 — 7 

color 3 — 20 

lamp — see Lamps 
temperature 3 — 26 

Armature reaction 6 — 18 

resistance, speed control 

6—13, 14 

Automobile charging 6 — 91 to 94 

Automobiles, electric 6 — 92 

adjusting screws ^—55 

battery material, consumption 

of 6 — 10 



AuUMnobiles — Continued 
bearings, care of 

^—57, 58, 66 to 71 

to clean 6 — 67 

brake does not hold firmly, if 

6—62 

toggle 6 — 62 

brakes, care of 6 — 60 to 63 

do not apply suddenly 6 — 63 

set before leaving 6 — 50 

brushes, care of 6 — 57, 58 

chains, care of €^--65 

charge of battery, forty to 

seventy-five miles on one 

chassis 6 — 73 

clean garage 6 — 20 

commercial vehicle, develop- 
ment of the 6 — 30 to 35 
commutator, a flare at the 

6-59 
commutator, care of 

6—57 to 59 
consumption of current, tires, 
gears, and battery ma- 
terial 6 — 10 
control, method of 6 — 32 
controller, care of 6 — 47 to 56 
controller cylinder 6 — 47 
controller fingers 6 — 54 
controller handle, do not keep 
in continuous motion 

6 — 49 
controller segment, keep clean 

6—52 
controller shaft, oil the 6 — 51 
controller, when working on 

6-53 
controlling apparatus, design of 

6-— 41 to 44 

cost of maintenance 6 — 5, 9 

countetsbait beatvw^s advisteH 

lot ^tax ^ 
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Automobiles — Continued 
cross-country runs, fine records 
for 6 — 4 

current, consumption of 6 — lo 
damage to mechanism 6 — 5 
delay, no 6 — 14 

depression, in a time of 6 — 29 
differential, inspection and 
lubrication of 6 — 70 
double-reduction motor 6 — 34 
economic feature, an 6 — ^8 

efficiency of service improved 

6— -22 

electric or gasoline propelled 
car, which was superior ? 

a~2 

elevators, carried by 6 — 13 
feed for horses, cost of 6 — 24 
field coil, to locate short-cir- 
cuited 6 — 56 
connection, to detect an 
incorrect 6 — 59 
first and second point 6 — 48 
flexibility of transmission partS; 
value of 6 — 36 to 44 
four-wheel drive 6 — 38 
garage, a four-story 6 — 12 
gasoline propelled car, electric 
or, which was superior? 

6—2 

gears, consumption of 6 — 10 

graphite, do not use 6 — 7 1 

grease cup 6 — 70 

horse-drawn vehicles, one e. m. 

does work of two 6 — 1 1 

horse in idleness 6 — 25, 26 

horses, cost of feed for 6—24 

horses dropping dead 6 — 25 

how to compare the use of, 

with the use of electric 

vehicles 6 — 131 to 141 

industrial establishment, in 

&-^ 

lighter type of commercial 
vehicle 6 — 35 

loading, means for 6 — 7 

manufacturing establishment, 
in 6 — 7 

merchandise, transportation of 

6-30 \ 
merchan t stables 6 — 24 \ 



Automobiles — Continued 
miles per hour, the 6—17 

more goods, can handle fifty 
per cent 6—18 

motor, the double-reduction 

motors, care of 6 — ^571059 
design of 6—40 

motors mounted on rear axle 

6— 31 to 33 
odors, absence of stable 6 — 21 
operating and maintaining 

6—45 to 117 
overload or overspeed, do not 

6-46 
phjrsicians, car for use of &--6 
pressed steel frames 6— 39 
recharged at night 6 — 16 

reliability 6—3 

responsibility upon owner of 
horse 6—38 

running gear, flexibility of 

6-36 
satisfactory car throughout the 

whole year 6—6 

short-circuited field coil, to 

locate 6^59 

simplicity of control and 

operation 6—3 

steering gear, care of 

^— 72»73 
steering gear bearings, how to 

oil 6—72 

space required 6 — 19, 23 

speed torque curves 6—44 

starting 6—48 

talking points 6 — 5 to 29 

tires, care of 6 — 64 

tires, consumption of 6—10 
tires last longer 6—5 

tires, wood or metal 6 — 38 

transfer companies 6 — 24 

transportation of merchandise 

6—30 
transmission parts, value of 
flexibility of 6 — ^36 to 44 
typical connections of con- 
troller 6—44 
wear, very slight 6 — 10 
weaXhei, \^eaX. ca.x lot dis- 
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Automobiles — Continued 

weight below the springs re- 
duced 6 — 33 
wheel bearing, how to set 

S— 68 

worry of the stables 6 — 24 

Auxiliary pole 6 — j8 

Bakery machinery, load factor 

6— 114 
power consumption 6 — 1 1 5 
Baking ovens, consumption 

4^38 
dimensions 4 — 38 

Barrel makers* machinery 

load factor 6 — 114 

power consumption 6 — 1 1 5 

Bathroom radiator, cost of 
operation 4 — 25 

Battery, automobile, life 6 — 92 

Bedrooms, servants', lighting 

3—105 

Beefsteak broiling test 4 — 36 

Bill, electric, reduction of • 

3 — 97 to 106 

Blowers 6—80 to 88 

speed 6 — ^89 

volume 6 — 89 

choice of motor 6 — 89 

Blueprinting by electric light 

3— 112 

Boilers, cost 6 — 132 

Boiler-shop machinery 

load factor 6 — 114 

Bookbinders* heating apparatus 

4—39 
machinery, power consumption 

.6—115 

Boring mills, power to drive 

5—46 

Branding tools, electric 2 — 114 

Bread-baking test 4 — 36 

Brewery machinery 

load factor 6 — 114 

jxjwer consumption 6 — 115 

Brightness of illuminants 

3-6,7 

Broilers, consumption 4 — 34 

cost of operation 4 — ^34 

electric, tests 4 — ^36 

Buffer, electric 2—iSo, 188, 189 



Burglar circuit 2 — 43 

Business-getting system 

1—82 to 98 

Butchers* machinery 
load factor 6 — 114 

power consumption 6 — 115 

Cake-baking test 4 — ^36 

Calcium light, brightness 3 — 5 
Candle, color 3 — 20 

Candle power, definition 3 — 16 
Candy machines 

load factor 6 — 114 

power consumption 6 — 115 
Candy manufacturer's heating 
apparatus 4 — 40 

Canvassing — see Solicitor 
Carbon dioxide, ice machine 

6—105 

Card-file system for solicitor's 

office 1 — 84 to 98 

for solicitor's records 

1 — 99 to 106 
Carving table 2 — 105 

Chafing dishes 

consumption 4 — 34 

cost of operation 4 — 34 

Chandeliers, gas, converted for 

electric fixtures 3 — 95 

Churches, ventilation 2 — 191 

Cigar lighter 2 — 109 

consumption 4 — 34, 37, 41 

cost of operation 

^—34, 36, 37> 41 
Cinematograph lanterns 3—144 

Classified list of applications, 
electric heating 4 — 124 
electric motors 6—120, 121 
Coal per horsepower-hour for dif- 
ferent types of engines 

6-138 
Coffee percolators 

consumption 4 — 34 

cost of operation 4 — 34 

Coil heaters, consumption 

4—34 
cost of operation 4 — 34 

Cold storage with artificial re- 
frigeration 6 — 107 
Colors of light 3 — 16 to ao 
CommutaXm^ ^Vt V- 
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Company relation to consumer 

1 — 107 to 115 
Competition, how to meet 

1 — 3 to 26 
Complaints, attention 

1 — 108 to no 
Cone pulleys 6 — 42, 43 

Consumer, attitude toward 

1 — 107 to 115 
Consumption of power of various 
apparatus — see name of 
apparatus 
Control of electric energy 

2— II 

Cooking, electric 2 — 88 to 89 

also see Heating 

advantages 2 — 88 

apparatus 2 — 90 

portability 2 — 94 

temperature regulation 

2-95 
baking tests 4 — ^36 

in dining-room 2 — 97, 98 

energy required per person 

^-35 
hotels 2 — 104 

installation of apparatus 

4— -10, 15 to 17 

kitchen outfit 4— 16 to 18 

utensils — see name of utensil 

construction 4 — 21, 22 

gas 2—93 

Corn poppers 

consumption 4 — 34 

cost of operation 4 — 34 

Corset irons, consumption 4 — 37 

cost of operation 4 — 37 

Cost of 

connecting motors to service 

main 2 — 170 

dynamos 5 — 132 

electric energy 2 — 126 

fan 2 — 194 

flatiron 4 — 122 

heating 4 — 69 to 71 

water 4 — 69 to 71 

lighting 3—45, ^59 

range 4 — 16 

water heater 4 — 17 

fans 2 — 194 

gas engine 5 — 132, 133 



Cost of — Continued 

installation 2—153 

gas or gasoline operation 

2—138, 153, 6 — 136 to 140 

generators 6 — 132 

installing electric motors 2 — 154 

Moore tube * 3 — 72 

motors vs. gas engines 6—133 

operating 

annealing furnace 4—37 

dental furnace 4—37 

electric motors 2 — 154 

elevators 5—98 to loi 

enclosed arc lamps 3 — ^31 

flaming arc lamps 3 — ^31 

flatiron 2— 102, 4—34 

of foot warmers 4 — ^34 

frying kettles 4—34 

glue pots 4—37 

griddles 4 — 34 

hat irons ^-~37 

heating appliances 

4—34 to 58 

heating pad 4—34 

isolated plant 6 — 130 to 142 

milk warmer 4 — ^34 

Moore tube 3 — 72 

pitch kettles 4—37 

polishing irons 4—37 

sealing-wax pots 4—37 

soldering irons 4 — ^36, 53 

soldering pots «— 37 

vulcanizers 4—37 

washing machine 2 — 179, 185 

water heaters 4—34 

pumps 6 — 132 

refrigeration 6 — 108, 109 

shoe irons 4—37 

steam piping 5 — 132 

steam service 6 — 130 to 142 

water heating 4—69 to 72 

wiring 3 — 162 

Cotton machinery 

load factor 6 — 114 

power consumption 6 — 115 

Curling iron, electric 2 — 108 

heaters, consumption 4 — ^34 

cost of operation 4 — ^34 

De^mliorvs, electrical 
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Depreciation charges, gas engine 

plant 5 — 139 

Demonstration in display room 

4— III, 1X2 

of electric appliances 

4 — III to 116 
private homes 4 — 113 to 116 

Diffuser 3— 81 to 85 

ceiling 3—84, 85 

concentric 3-— 81 

inverted cone 3 — 83 

light balancing 3 — 84 

Dining-room fitted for electric 
cooking 2 — 97, 98 

Distillery, electric 2-— 118 

Double boilers, consumption 

^—34 
cost of operation 4 — 34 

Drill presses, power to drive 

5—48 

Drills, power to drive 6 — 59, 60 

Drying table, electric 2-— 106 

Dynamite, energy 2 — 5 

Dynamos, cost 6 — 132 

Economy of electric energy 

2 — 12 to 21 

Efficiency, money value 

6—34 to 36 
various apparatus — see name 
of apparatus 

Electric heating — see Heating 
lamps — see Lamps 
lighting — see Lighting 
meters — see Meters 
motor — see Motors 
power 1 — 25, 26 

shock 2 — 25 to 27 

signs — see Signs 

Electrical definitions 

6 — 263 to 266 

Electricity, adaptability 2 — ^8 to 10 
adulteration 2 — 7 

control 2 — 11 

economy 2 — 12 to 21 

explanation 2 — 2 

fire risk 2 — 28 

healthfulness 2 — 6 

safety 2 — 5 to 7 

Electrotyper*s heating apparatus 

4 — 42 



Electrotyping machines 

loadfoctor 6 — 114 

power consumption 5 — 1 1 5 
Elevator, electric 6 — 95 to 102 
oieigy consumption 

5—96, 97 to 102 
fre^ht, cost of operation 

5—98,99 
energy consumption 5 — 98 
load factor 5 — 98 

passenger 6 — 100 

cost of operation 5 — 100 
eneigy consumption 

6 — 100 

load factor 6 — 100 

push-button 5 — 96 

safety devices 5 — 96 

vs. mechanical drive 6 — 95 

hydraulic, cost of operation 

5 — loi 
energy consumption 

6 — 97, 102 
passenger 6— -loi 

energy consumption 

6 — loi 
load factor 5 — loi 

motor, test 5 — 102 

Embossing presses, electric 

2 — no 

Energy consumption, various 

lamps 3 — 165 

various machines — see name 

of machine 
electric 2 — ^3 

control 2 — 11 

cost 2 — 126 

in medicine 2 — 200 to 202 
metering 2 — 7 

transformation into heat 

4 — 2 to 6 

heat 4 — i to 3 

required to heat a given 

space 4 — 24 

transformation to other forms 

4—2 

Engine, engines 
gas or gasoline, bulk 2 — 145 

cost 6—132, 133 

of installation 2 — 153 

of operation 2 — 138, 153; 

6 — 136 to 140 
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Engine, engine — CotUinued 

depreciation 2 — 151 

disadvantages 2 — 134 10155 
fire risk 2 — 137, 139 

foundation i— 135 

life 2— 151 

noise 2 — 141 

odor 2 — 141 

operating costs 2 — 138, 153; 
5 — 136 to 140 
overload capacity 

2—134, 143 
plant depreciation charges 

5—139 
reliability 2 — 149 

repairs 2 — 151 

speed variation 2 — 147 

starling 2—135 

starting characteristics 

2—147 

vs. electric motor 1 — 18, 19; 

2—134 to 155 

weight 2 — 145 

lathes — see Lathes 

steam coal per horsepower-hour 

for different types 

5—138 
energy consumption 5 — 138 

suction gas 2 — 155 

Factory lighting 3 — 107 to 112 

Factories, ventilation 2 — 191 

Fan, electric 2 — 190 to 199 

cost 2 — 194 

in heating 2 — 198 

in show windows 2 — 197, 199 

exhaust, dimensions & — 86 

power required 6 — ^86 

speed 5 — 86 

location of air inlets 5 — 82 

power required 5 — 83 to 89 

propeller type 5 — 82 

ventilating, power 5 — 82 

Fans 2 — 190 to 199; 6 — 80 to 89 

disk 

power required to drive 5 — 85 
speed 5 — ^85 

volume of air inlet 6 — 85 
'^'^ther machines 

d factor 5 — 114 

rer consumption 5 — 115 



Feet warmers 
consumption 4—34 

cost of operation 4—34 

Field resistance, speed control 

4— 16 to 18 
Filament lamp>s — see Lamps, in- 
candescent 
Fire losses by electricity 2—30 
risk of electricity 2—28 

Flaming arc lamp — see Lamps 
Flatiron, electric 2 — loi to 104 
advantages 4 — 122 

consumption 4—34 

cost 4 — 122 

operation cost 2 — 102; 4—34 
time saving 2 — ^103 

Foot-candle, definition 3—8 

Forge, electric 4 — 43 

Foundry machinery 
load factor 6 — 114 

power consumption 5 — 115 
Frying kettles, consumption 4—34 
cost of operation 4 — ^34 

Furnace, electric 2 — ^122 

annealing, consumption 

4-37 
cost of operation 4 — 37 

dental, consumption 4 — ^37 

cost of operation 4 — ^37 

Gas company as competitor 

1—8 to 21 
engine — see engine 
Gasoline engine — see Engine, 
gas explosibility 2 — 139 
Gears for changing speed 

5—42, 43 
Gem lamps 3 — ^36fl 

Generators, cost 6 — 132 

Glue pot, electric 2 — 115 

consumption 4 — ^37 

cost of operation 4 — 37 

Griddles, consumption 4 — 34 
cost of operation 4 — 34 

Grocers' machinery, power con- 
sumption 6 — 115 
Group drive, load factor 6 — in 

Hair dryer, electric 2 — 107 

Hat factory, heating apparatus 

4-45 
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at HODS 

cost of opentian 

iealthfulness of dectik 
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eater, dectzic. 




mating. 

electiic % — 8i » 56; 

I ID 124 

i^pUanoes 

care 4 — 12 to 14- 1=7- 139 
coDStrvctian 4 — 7 10 y 
depaitmcDt 4 — 9c to 224 
di4^T 4 — ^102 10 135. 

1=7, i:i 
ni]Hinn 



female soliritois 
installatioo 
lamp equiralent 
load factor and 
tioD 





solkHiog 

storage 

time reqimed 

on trial 

voltage 

wiring 
applications 
calculations 
classification 
commercial 
cost 



salesman 
smanship 

-no to 124 1 

4 — 118, 119? 

4t—ioo : 

-106 
-II 

-10? 

-So- 
60 to 74 ! 
2— Si '' 
2 — 100 to 124 
4 — 69 to 71 
operation of various de- j 
vices 4 — ^34 to 58 ' 

dentists 2 — 123 ! 

domestic 4 — 7 to 33 \ 

appliances, consumption 
4—34 to 36 
appliances, cost of opera- 
tion 4 — ^34 to 36 
cflSciency of utilization 4 — 3 
energy efl5ciency 4 — 2, 3 
and time required to raise 
the temperature of water 
4 — 67 to 71 
field 2—73 



HBzs to soodxors 1 — ^116 to 119 

Hoiocjcaae sJiades 3 — 77 
Horanr.rai caadje-poner, denni- 

tioe 5—5 

Hoc-wire sawing 4 — 51 

Hoccs of daikiiess 3 — 15S 

HoQse pa=:ps 2 — 1S3 

Hnrran nature 1 — ^30 

Ice-crram machinerv 

k3ad factor 6 — 114 

jwwcr consumption 6 — 115 

Ice machines 6 — 103 to 106 

load factor 6 — 114 

power required 6 — 104 

rcfri^raiing capacity 6 — 104 

Ice-making 5 — 103 to 109 

Illuminants compared 3 — 12 

Illimiinating engineering 

3 — I to 165 

definition 3 — i 

development 3 — i 

Illumination 

brightness, definition 3 — 6 

candle-power, definition 3 — 5 

per square foot for \'arious 

kinds of service 

3—151* 15a 

color of light 3 — 10 to 20 

by use of shades 3 — 10 

definition 3 — S 

effect of absorption 3 -14 

of reflection 3 — 14 
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Illumination — Continued 
estimation 3 — 149 to 158 

flux 3 — 4 

foot-candles, various kinds of 
service 3—153, ^54 

green light 3 — 17 

industrial buildings 

3—150, 152, 155, 156 
intensity 3 — 5 

law of inverse squares 3 — 9 
offices 3—152, 154, 156 

photometric measurements in 
situ 3 — 13 

public buildings 

3—150, 152, 154 
quantity of light 3 — 3 

residences 3 — 150, 152, 154 
red light 3— 18 

reflection coefficients 3 — 15 
standards 3 — 5 

units 3 — 2 to 8 

watts per square foot for vari- 
ous kinds of service 

3 — 149 to 151 
Incandescent lamp — see Lamps 
Individual motor drive, load 
capacity 6 — iii 

Inherent regulation 5 — 14 

Inquiries in response to advertis- 
ing 1 — 102 
Insurance rates, electric motor vs. 
mechanical drive 2 — 132 
Inter-pole 5 — 18 
Isolated plant, cost of operation 

6 — 130 to 142 
disadvantages 2 — 127 to 133 
reliability 2 — 165 

vs. electric motor 

2—127 to ^33 

Japanning ovens 4 — 46 

Jewelers' machinery 

load factor 6 — 114 

power consumption 6 — 115 

Kilowatt-hour, what it will do 

3-16S 

Kitchen, electric 4 — 16 to 18 

cost 4 — 19 



Lamps — Continued 




advantages 


9^ 


arc 


3— 25 to 34 


brightness 


JH 


clarification 


3-27 


color 


3—20 


electrodes 


3-a6 


enclosed 


3^ 


candle-power 


3-s8 


consumption 


3-58 



Lamps, electric 



3 — 23 to 27 



cost of operation 3—31 
flaming 3—38 

consumption* 3—28 

cost of operation 3—31 
installation data 3—155 
invention 3—25 

light distribution 3—30 
lighting large halls 

3—139, 140 

magnetite 3— 33, 34 

consumption 3—34 

electrodes 3—34 

operation 3—^ 

classification 3— 24 

color of light 3 — 16 to 20 

gem 3— 36i 

incandescent 3 — ^36 to 62 

actual life 3—46 

carbon filament 

3— 37, 39to42 
brightness 3—7 

color 3—20 

manufacture 3 — 39 

rating 3—43, 44 

specific consumption 

3—44,45 
spherical reduction &ctor 

3-43 
consumption, choice 3—48 

cost per candle-power-hour 

3-46 

graphitized filament, specific 

consumption 3—45 

high efficiency 3—37 

invention 3 — ^36 

life 3— 38» 46, 47 

miniature 3— 40 

Nemst — see Lamps, elec- 
tric, Nemst 
lighting public buildings 

3—142 
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KTEK 



ampts 




T^ eicrcic 1 — ic to 15 

W«iE£»:2L cotor 3 — ai 



mfdiral 
mercaij 



filuncnt, fjw v.Ki 



45 



caa'vencd to 



5. 64 



color 

difiPoskm of light 

flluminatiQO data. 



64 



> 61 10 65. 70 

47 

114 

"5 



in 



III 
1^:6 
1*56 



"4 
1^5 



instaUatioa data 

(s/pcraJdan 3 — 63 

specific coDsumpCioD 3 — 64 
Moore tube 3 — 68 to 72 

advantages 3 — 71 

br^htness 3 — 7 

cost of installatioo 3 — 72 

cost of opeiatioo 3 — 72 



3—69, 70 
-52 

-7 
3—58 

3—61 

3-^201055 

-57,58 



installation 
Nernst, ballast 
brightness 
candle-power 
classification 
color of light 
consumption 
glower, characteristics 

3—51, 52 
construction 3 — 50 

life 3—51 

resistance variation 3 — 52 

heaters 3 — 51 

life 3—51 

invention 3 — ^49 

maintenance 3 — 61, 62 

labor 3---62 



i!i^^ii ii r<3, load factor 
power coDsnmpcion 

T^^rfiTT marhinrs 
load factor 
pome coosomptioo 

Ught 
aJsDsee Dhmiination 
absorption 3 — 14 

color 3 — 16 to X) 

cost of 3 — 45 

diffused 4 — 86 to qo 

distributioo 3 — 11 

law of inveise squares 



10 

3 — 14 

14* 15 
to 8 



a-45 



photometry 

productioD 

reflection 

coefficient 
units 
Lighting 
see niimiination 
bakeries, adN'antages 
candy stores, advantages 2 — 48 
dairies, advantages 2 — 49 

diy-goods stores, ad\'antages 

electric, advantages 2 — 2a to 4^ 
in residences 2 — 4,^ 

cost S~15Q 

estimates S — lOi 

economic operation 
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Lighting, electric — Continued 
effect on output 2 — 36 

energy cost 4 — 163 to 165 
factories 3 — 107 to 112 

healthfulness 2 — ^^ to 36 
hour table 3 — 158 

public halls 3 — 136 to 148 
requirements 4— -86 to 90 
residences 3 — 91 to 106 

safety 2 — 25 

show windows 3 — 119 to 124 
stores 3 — 115 to 124 

switches, location 

3 — 98 to 100 



flower stores 


2-51 


fruit stores 


2—52 


grocery stores 


2-53 


haberdasheries 


2—54 


hospitals 


2—62 


jewelry stores 


2-55 


laboratories 


2—47 


meat markets 


2—46 


music stores 


2—56 


saloons 


2-57 


shoe stores 


2-58 


stationery stores 


2—59 


stores 


2—44 


tailor shops 


2—60 


upholstery and 


furniture 


stores 


2—61 


Load calculation from load factor 




5 — 112 


factors 5 — no to 114 


definition 


5 — no 


for different classes of service 




5 — 114 


effect on cost of 


operation 




6 — 112 


in energy estimates 


2 126 


factories 


2—173 


group drive 


5 — III 


individual drive 


5 — III 


Lumen, definition 


3-4 


Lumen-hour, definition 


3-3 


Luminous arc lamp — see Lamps, 


Radiator, heating 



Macaroni machinery, power con- 
sumption 6 — 115 
Machine tools 
classi£ca tion 5 — 39 \ 

27& 



Machine — Continued 

electric drive 6—37 

load factor 6— 114 

power as a function of metal 

removed 6 — 58 to 63 

to drive 5 — ^45 to 74 

motor, choice 6 — 42 to 44 

power consumption 

5—45 to 115 

reciprocating 6 — 50 to 57 

rotating 6 — ^44 to 49 

speed variation 6—42, 43 

Magnetite arc lamps — see Lamps, 

electric 

Mean hemispherical candle 

power, definition 3—$ 

Mean spherical candle-power, 

definition 8—5 

Mechanical drive 

disadvantages 2 — 130 to 133, 

156 to 17s 
small factories 2 — 156 to 175 
Melting pots, electric 2— iia 

Mercury arc rectifiers 

theory 6 — 118, 119 

General Electric rectifier 

6^120 to T22 

Westinghouse mercury rectifiers 

6 — 123 to 127 

Mercury vapor lamp — see Lamps, 

electric 

rectifier 6—93 

eflSciency 6—94 

Meters, electric 2—7 

Milk warmers, 

consumption 4—34 

cost of operation 4—34 

Milling machines, power to drive 

5—47. 49 
Mirrors, reflection coefficient 

3-iS 

Moore tube — see Lamps, electnc 

Motors, electric 

adaptability 6 — 27, 31 

advantages 2 — 125 to 202 

in factories 2 — 156 to 175 

application to machine tools 

5—42 to 44, 50, 51 
auxiliary pole 6 — 18 

bulk 2—146 

cYk.^t^C.\fcT\s\\'C& ^ — <^ "Li to 18 \ 



INDEX 



Motors — Continued 

choice 5 — 24 

classification 6 — 6 

commutating pole 6 — 18 

conimutator, a. c, character- 
istics 5 — 24 
compound, adaptability 6 — ^31 
characteristics 6 — 9, 11 to 18 

cost 5—133 

of connecting service 2 — 170 

installation 2 — 154 

of operation 2 — 154 

definition 5 — ^3 

depreciation 2 — 152 

differential, characteristics 5-— 9 

eflficiency 

importance 6 — ^32, 33 

money value 5 — ^34 to 36 
elevator, test 6 — 102 

essential parts 6 — 4 

in factories 2 — 156 to 175 

field of application 6 — 120,121 
fire risk 2 — 104 

flexibility 2 — 131, 160 to 164, 

17s 
function 2 — 125 

in household 2 — 176 to 189 

individual drive 1 — 78 

induction, characteristics 

6 — 19 to 22 

resistance in secondary 

5 — 22 

squirrel cage, secondary 

5 — 20, 21 

variable speed 5—22 

wound secondary, character- 
istics 6 — 22 
installation on trial 1 — 72 
inter-pole 6 — 18 
life 2—152 
margin of power 6 — 25 
noise 2 — 142 
overload capacity 2 — 134, 144 
production of motion 6 — 5 
rating 2 — 126 
reliability 2 — 130, 150 
repairs 2 — 152 
series, adaptability 6 — 31 

d. c, characteristics 

5—7, II to 15 
shunt adaptability 5 — 30, 31 



Motors, shunt — Continued 
characteristics 

6-n8, II to 18 
speed control 
alternating current 

5 — 19 to 24 

direct current 6 — 11 to 18 

speed variation 2 — 148 

•starting characteristics 2 — 148 

synchronous, characteristics 

6—23 

speed calculation 6 — 23 

uses 6 — 120, 121 

vs. gas engine 2 — 134 to 155 

vs. isolated plant 

2—137 to 133 
weight 2 — 146 

Multiple wire system 

speed control 6 — 13, 15 

Nernst lamp — see Lamps 

Ofl&ce records of customers 

1— 84 to 98 
Ofl&ces, ventilation 2 — 191 

Operating costs 6 — 135 to 142 
Opposition to central station ser- 
vice, how to meet 

1 — 3 to 26 

Oven, electric 4 — 17 

consumption 4 — ^34 

tests 4 — 36 



5 — 114 
6— 115 



Paint machines 

load factor 

power consumption 
Paper-box machines 

load factor 5 — 114 

power consumption 6 — 115 
Paper-box makers' heating ap- 
paratus 4 — 49 
Paper mill, heating apparatus 

4—48 

reflection coefficients 3 — 15 
Photometer 3 — 10 

Pies, baking test 4 — 36 

Pilot lamp 3 — 102 

Piping, steam, cost 6 — 132 

Pitch kettles, consumption 4 — 37 

cost of operation 4 — vi 

e\ectxk V-^^^ 
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Planers, cutting speeds 6 — 56 
normal size 6 — 57 

power to drive 6 — 55 

return speed 6 — 56 

wood, power required 6 — 74 

Plate warmers, consumption 

4—34 
Polisher, electric 2 — 180, 188, 189 
Polishing irons 
consumption 4 — 37 

cost of operation 4 — 37 

Porcelain kilns 4 — 46 

Potential speed control 6 — 24 
Power consumption of various 
apparatus — see name 
of apparatus 
definition 6 — i 

engineering 6 — i to 142 

lost in shafting 6 — 113 

required to drive various ma- 
chines 5 — 115 
also see name of machine 
estimating 2 — 126 
Power plants, steam, operating 
cost 6—135 to 142 
Printer's heating apparatus 4 — 50 
Printing machinery 

load factor 6 — 114 

power consumption 5 — 115 
Pumps, cost 5 — 132 

Push-button electric elevator 

6—96 
Pyrograph, electric 2 — 120 



Radiator — see Heating 


consumption 


4—34 


electric 


2—82 to 86; 




4 — 23 to 28 


Range, electric 


4—16 


consumption 


4—34 


cost 


4—16 


of operation 


4—34 



Rectifier, mercury vapor 

6—93, 94 
Reflection coeflBcients 3 — 15 

Reflector, definition 3 — 73 

Refrigerating 5 — 103 to 109 

machine — see Ice machines 

load factor 5 — 114 

povver consumption 6 — 115 1 ^aiwivwiav v»^u.n^ «# — x^z 

Refrigeration, cost 6 — 108, 109 \ \\g)[vt, a.d.\ti\^sBQ% \. — ^Nat^^^ 

2^ 



Regulation, inherent 6—14 

Reliability, electric motor vs. iso- 
lated plant 2 — 130 
Reports of solicitors 1 — 103 
Residence lighting — see Lighting 
Rooms, heat required 4 — 72 to 74 
Rubber machines 
load factor 6 — 114 
power consumption 6 — 115 

Safety of electricity 2 — ^5 to 7 
Saving due to increase in eflS- 
ciency 5 — ^34 to 36 

Sawing hot wire 4 — 51 

Saws, wood, power required 

6—74 
Sealing-wax heaters, electric 

2— 116 
pots, consumption 4 — 37 

cost of operation 4 — ^37 

Seed-cleaning machinery 

load factor 6 — 114 

power consumption 6 — 115 
Servants* bedrooms, lighting 

• ^ S— IDS 

Sewing machine, power consump- 
tion 2 — 186; 6 — 115 
Shade definition 3 — 73 

Shades and reflectors 

3—73 to 8s 
Shafting, power absorbed 

2— 168, 171; 5— 113 
Shapers, power to drive 5 — 54 
Shaving mugs, consumption 

4—34 

Shock, electric 2 — 25 to 27 

Shoe factory, electric heating 

apparatus 4 — ^52 

machinery, power consumption 

irons, consumption 
cost operation 

Shops, ventilation 

Show window lighting 

3 — 119 to 124 

Silver, reflection coeflicient 3 — 15 

Signs, electric 3 — 122 to 135 

cost 3 — 130 to 132 

operation 3 — 133 to 135 

esservtial points 3 — 127 



4—37 

37 
191 



INDEX 



Signs — Continued 

value 3 — 122, 126 

Skylight, color i — 20 

Slotters, power to drive 5 — 53 

Soap machines 

load factor 5 — 114 

power consumption 5 — 115 

Soldering irons, care 4 — 53 

consumption 4 — ^37, 53 

cost of operation 4 — 36, 53 
electric 2 — 113 

load factor 4 — 53 

Soldering pots, consumption 

^-37 
cost of operation 4 — 37 

Solicitor, ammunition 1 — ^35 

attitude toward drinking 1 — ^33 
electric lighting 1 — 22 to 24 
factory canvassing 1 — 65 to 81 
general policy 1 — ^37 

helpful hints 1 — 116 to 119 
how to approach the non-tech- 
nical man 1 — 28 
approach prospective cus- 
tomers 1 — 27 to 81 
approach the technical man 

1 — 29 

meet competition 1 — 8 to 26 

meet opposition 1 — 3 to 7 

necessary knowledge of electric 

motors 6 — 2, 10 

ofl&ce system 1 — 84 to 98 

power canvassing 1 — 65 to 81 

residence, canvassing 

1 — 42 to 50 

store canvassing 1 — 51 to 64 

Speed control, electric motors — 

see Motors 
Steam piping, cost 5 — 132 

Steam power plants, cost of oper- 
ating 5 — 135 to 142 
Stereotyping machines, power 
consumption 6 — 115 
Sterilizers, consumption 4 — ^37 
cost of operation 4 — ^37 
Stone-dressing machinery 

load factor 6 — 114 

power consumption 6 — 115 
Storage batteries 6 — 74 to 104 
charging current 6 — 89 

capacity 6 — 77 to 80 



Storage batteries — Continued 
care 6 — 87 to 117 

care of batteries, brief remind- 
ers on 6 — 106 to 117 
charge, how to 6 — 91 to 102 
chaige, time required for a 

6—96 
charged in right direction, bat- 
tery must be 6-— 107 
charged too frequently 6 — loi 
charging apparatus 6 — 90 

chaiging at night from a recti- 
fier 6 — 97 
charging current 6 — 89 
chaiging quickly 6 — 98 
charging rates, instruction books 
on 6 — 95 
discharge 6 — 76, 85 
electrolyte 6- — 105 
inspection 6 — 103 
instructions, battery manufac- 
turers* G— 88 
lamps, turned ofF while charg- 
ing 6—94 
plates, wear on the 6 — 102 
rectifier, charging at night 
from a 6--97 
rheostat handle, turn back be- 
fore opening switch 

6 — loo 
storage cell, capacity of 

6—77, 78 
storage cell, voltage of 

G— 81, 82 

sulphation 6-—84 

troubles to which batteries are 

subject 6 — 83 

voltage of any storage cell 

6—81 
voltage of lead sulphuric acid 
cell 6—^2 

voltage readings 6 — 112 

voltages, high 6 — 83 

weight of lead required to pro- 
duce one ampere-hour 

6—79 
Store lighting — see Lighting 
window advertising 2 — 64 to 69 
ideal 2 — 66 to 69 

Structural steel machinery 
load factor ^ — ^v^\ 
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2 — 87 to 99 

2 — 73 to 102 

2 — 22 to 42 

2 — 125 to 202 



Structural — Continued 

power consumption 6 — 1 1 5 
Suction gas engine — see Engine 
Sun, brightness 3 — 7 

color 3 — ^20 

Switch, wiring 3 — 144 

Tailors' iron, consumption 

4^37 
cost of operation 4 — ^37 

Talking points 2 — i to 102 

commercial, heating 

2 — 100 to 124 

electric cooking 

electric heating 

electric lighting 

electric motors 
Terms, names, and their meaning 

266 
Time switches 3 — 122 to 124 

cost 3 — 124 

Tobacco machinery 

load factor 5 — 114 

power consumption 6 — 115 

Upholstery, heating apparatus 

4r— 54 
Urns, consumption 4 — 34, 36, 37 

Vacuum cleaner 2 — 181 

Vapor lamps — see Lamps, elec- 
tric , 
Velvet, reflection coefficients 

3-15 

Ventilation 5 — 81 



Ventilation — Continued 
required in various buildings 

2— 191 
Voltage control with transformer 

6 — 24 

Vulcanizers, consumption 4 — ^37 

cost of operation 4 — ^37 



*-34 
ooeffi- 

-15 



Waffle irons, consumption 
Walls, painted, reflection 
cients 
papered, reflection coefficients 

3—15 
Washing machine, cost of opera- 
tion 2—185 
electric 2 — 179 
power required 2 — 185 
Water heaters, consumption 

4—34 
cost 4 — 17 

cost of operation 4 — 34 

power consumption 4 — 55 

Water heating 4 — 66, 71 

cost 4 — 69 to 71 

time required 4— -67, 68 

Welding, electric 

4—56 to 58; 2— 121 
Window lighting 3 — 119 to 124 
Wiring, cost of material and in- 
stallation 3 — 162 
supervision by central station 

1 — 112 to 115 
Wood-working machinery 

load factor 6 — 114 

power consumption 6—74, 115 
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